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The study of time sharing system parameters and design is undertaken,
On-line and hybrid simulation programmer's demands for interactive digi-
tal computing time are time inefficient for modern high speed computers,
hence the motivation for time shared computing systems. The techniques
for achieving time sharing are studied, then applied to the problems
of a real time, on-line, hybrid simulation and batch processing system.
Subroutines required for implementation of a task oriented time sharing
capability are put forward with specific proposals for use. System im-
provements to accomplish the goal of a general time sharing system are
introduced and discussed.
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I. INTRODUCTION
The growth of programmer skills and consequent development of ad-
ditional areas for computer application has brought to the computer a
new group of interactive users. The on-line programmer and the hybrid
system user have a common digital requirement for short bursts of cen-
tral processor unit (CPU) activity interspersed with comparatively long
intervals of CPU idle time. During the CPU idle intervals the program-
mer is evaluating results, making decisions and manipulating data in
preparation for the next call for a burst of CPU activity. This type
of computer use greatly expands a computing system's utility by using
the evaluation and reasoning powers of a skilled scientist rather than
the limited binary logic capability of a machine. Modern computers
have greatly increased speed capability, hence, the CPU idle cycle is
becoming increasingly wasteful of sophisticated high speed computing
system time. Because the computing system's time is very expensive
and the scientist's is relatively cheap, there exists a speed-cost
mismatch that if possible should be reversed. It makes more economic
sense for the scientist to have additional idle time and the CPU to be
continuously active.
The obvious solution to the speed-cost mismatch between modern com-
puting systems and the interactive user is to develop a system environ-
ment where several users use one CPU to attain an optimal balance of
no CPU idle time and immediate response to the service calls of the
users. This optimum expresses the meaning and goal of a time shared
computing system.
For purposes of this study time sharing refers to the achieving of
effective concurrent execution of independent computational tasks
through primarily sequential usage of the components of a single
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computer system (as opposed to the technique of providing a computer
system for each task). Time sharing systems may be classified on the
basis of their service goals into the broad categories:
(1) General Purpose Systems - Here a very minimum of constraint is
imposed as to the characteristics of "user" tasks, e.g. his available
language, compilers, amounts of memory usage, and timing requirements for
program segments. Typically, each of a number of users sees an identi-
cal "virtual computer" which appears logically as his own private com-
puter. Design of such systems may emphasize various "quality of ser-
vice" objectives, e.g. a system may be primarily oriented to provide
an average type of service to a very large number of users, or alterna-
tively may stress provision of very high quality service to a quite
small number of users.
(2) Special Purpose Systems - In this category much more is pre-
specified regarding the tasks to be serviced on a concurrent basis,
e.g. program length, memory occupancy, timing (sampling rate) and
other data. Large numbers of military and commercial "real-time con-
trol" systems fall in this category. Design and implementation of
such systems depends largely on a task-oriented approach wherein the
characteristics and interrelationships between tasks are documented
and an appropriate executive and priority control scheme (either
hardware, software, or a combination) implemented to coordinate the
various tasks. Within limits, a task may even be defined to include
such programming operations as compile, run, debug, thus giving to
a special purpose system some of the "user" flexibility of the true
general purpose systems.
The objective of this thesis study is to investigate the ap-
plicability of time-sharing principles to a particular real-time
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environment, that of a digital /analog (hybrid) simulation laboratory.
The system is characterized by:
(1) General Purpose Digital Computer - relatively fast medium scale
processing system of conventional (Von Neumann) logical organization.
(2) Analog Computer - medium scale hybrid oriented, featuring
flexible digital control modes.
(3) Several user terminals - CRT graphic display and keyboard ter-
minals.
(4) Relatively fast and efficient input/output (I/O) channels
oriented primarily to Analog to Digital to Analog (A/D/A) conversion
and CRT control.
The system application goals include such tasks as:
(1) Modeling studies involving conventional analog only opera-
tion or analog operation with a small amount of digital control.
(2) Iterative mode control of analog computer.
(3) Signal-processing of inputs from on-line transducers.
(4) Experiments involving interaction of digital or analog com-
puter with laboratory bench apparatus.
(5) Presentation of dynamic graphical data on CRT.
(6) Editing and debugging of source programs.
It is know that many instances will occur where a particular task
will utilize but a small fraction of the computing system capacity.
Thus as high a degree of concurrency as possible is desired. Particu-
lar questions to which this study is addressed include:
(1) Definition of anticipated processing environment on a task-
oriented basis.
(2) Typical timings and loadings.
(3) Method of priority and interrupt control.
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(4) Determination of "free programming" capability feasible for im-
plementation in "spare time" of system.
(5) Memory allocation schemes and their effect on timing and ef-
ficiency.
(6) Special limitations of the system.
(7) Architecture of proposed operating system.
The study of time sharing systems will be accomplished by progres-
sing from the study of general purpose time sharing principles to the
more specific problems facing the system designer in the implementation
of a special purpose system.
The study of time sharing systems first from the view point of the
system designer's general non-system oriented problems provides a good
building block for later design work. Adhering to the principle that
"to learn is to do" the design and implementation of a special purpose,
task oriented time sharing capability was undertaken as a study vehicle,
The design and implementation phase of this study was centered on a
real-time hybrid computer simulation laboratory.
Some general conclusions about time sharing system hardware and
software were filtered out of the specific study undertaken. From
these, specific recommendations for the system studied can be made
regarding implementation of an efficient time sharing capability.
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II. TIME SHARING TECHNOLOGY
The idea of one central computing processor serving a group of
1 2 3
user's requests has been discussed at length by several authors.
The actual implementation of such systems is tailored to fit the parti-
cular environment of each system. The software designer has encountered
two separate environments requiring him to perform one of two tasks.
First, more historically now, the task has been one of upgrading exist-
ing systems by writing significant software supervisors to do the book-
keeping and core management associated with multiple user systems.
Experience proved these systems slow but tolerable for a very few users
and unacceptable for any practical number of terminals. A transition
was made when the additional requirements were specified for hardware
designers to implement as improvements into new computing systems.
These hardware improvements upgraded the efficiency of the overall
system by a reduction in required software supervisor size and in-
crease in the speed of service to an increased number of terminals,
providing a class of computing systems easily adapted to a time
sharing use. The second environment for software designers to work
in has become the basis of present software design of time sharing
systems.
1
M.V. Wilkes, "The Design of Multiple Access Computer Systems",
The Computer Journal
, V. 10, N. 1 , P. 1-9, May 1967
2
M.V. Wilkes and R.M. Needham, "The Design of Multiple Access Com-
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A. DESIGN CONSIDERATIONS
In the design of time sharing systems, consideration must be given
to some essential problems where software choices are available. Trade-
offs between core economy and speed efficiency, between general un-
restricted use and supervisor complexity become determining factors in
eventual selection of system design. These trade-offs arise from con-
sideration of problems in the areas of memory management, execution or
servicing priority, inter-program isolation, input and output communi-
cations and their media, and human factors engineering.
1. Memory Management
Memory Management herein refers to high speed core memory and the
respectively slower magnetic drum, disc, and tape bulk memory devices.
The following is a discussion of memory management schemes progressing
from the simplest used to the most complex state of the art procedures.
None of these schemes can be chosen over its companions as optimal
without study of the system environment it must work in.
The simplest memory management method employable in a time sharing
system is a swapping procedure which swaps out of core one program at
the end of its execution cycle and swaps into core the next program
for its alloted execution cycle. This swapping method allows in core
only the system supervisor and one active program at any one time.
All other programs are saved on the slower memory devices. This pro-
cedure has the advantage that if there is a significant error in the
executing program and a system failure occurs, only the offending
program is lost.
A more adaptive scheme has been developed in which the supervisor
remains in residence and several user areas are allocated from the
remaining core. If any object programs are larger than their
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respective allocated core area, the additional storage requirement is met
with bulk memory devices such as drums or discs. This implies that at
any one time core will have resident the supervisor and a number of un-
executed or partially executed programs or parts of programs. The
portion of a program not in core will be stored on the slower bulk
memory device ready for calling when needed in core. When a partial
program in core requires a portion of the program stored externally
during execution, its execution terminates and the required portion is
transferred into core to satisfy the reference.
This second scheme relies heavily on an interesting observed phe-
nomenon characteristic of most object programs. Programs have only a
small section of the whole program active at any one time, most refer-
ences being to locations in the near vicinity of the instruction in the
instruction register. Thus, there is a large portion of memory being
used to hold resident program information that is not being accessed
or used to control the the computations in progress. This portion of
core that is being uneconomical ly used as bulk storage is made avail-
able for additional programs using a swapping procedure where low
useage frequency locations are stored in the bulk memory areas, rather
than resident in core. The active portion of the program consequently
stays in this memory window by application of chaining techniques.
The completed portions of the object program are paged into bulk mem-
ory and replaced by unexecuted portions of the object program. This
technique, known as paging, is used to segment programs into con-
venient blocks for bursts of execution activity and bursts of trans-
fer activity between bulk memory and core. Paging allows execution
of programs much larger than the actual unshared size of the system
core memory.
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There are many variations derived from the two basic ideas of swap-
ping and paging. One is a segmentation of core and bulk memory into
blocks useable for one terminal only. Paging is then used to access
areas of interest. This can be made less wasteful of core by making
the segments dynamic in size. Time used for doing the bookkeeping
required to trace several dynamic boundaries, and time consumed in
paging are all added to the program execution time. The trade-off
here is between which is more expensive, additional core or execution
time, and that depends entirely on the system use.
Two other attempts to compromise the cost of additional core have
been based on special purpose core memory. One is read only memory and
is used for table look-up of tabulated function values or storage of
code translation tables. This saves time because these tables are al-
ways resident and are immediately accessible. Normally tables of this
type are kept on bulk memory and paging is required to access them. Non-
executable memory is another name for core that is read and write only.
Dynamic lists and temporary storage locations are held in this area of
core. Non-executable memory is not directly addressable by the program
counter, or location register, but is directly addressable by the
operand register. Executable instructions held in this type of core
are transferred into executable core prior to execution. This is a
high speed swapping scheme but still takes time and requires super-
visory activity. The trade-off is using both of these special pur-
pose core applications is in favor of a high speed requirement versus
a low cost. Systems with this type of high speed bulk memory are




Execution schemes all have a common requirement for an instruction
register separate from core. This means that any instruction to be ex-
ecuted must normally be transferred from memory to an instruction regi-
ster. There is no requirement on the number of registers in any com-
puting system other than cost and complexity of the supervisor. Most
systems have one instruction register, thus can execute only one pro-
gram or ordered sequence of instructions at a time. Which program will
be executed first or last is a question of which program has highest
priority.
A hardware assignment of priority, a software assignment of pri-
ority based on internal parameters such as accumulated user time and
memory requirement, or assignment of priority based on user originated
verbal or written rules extended to the machine are the three basic
methods used to determine execution priority. Most systems are a
combination of the three, each on a different level separated by a
classification of the type of user to which each method applies.
Hardware assignment of priority assumes a computing system de-
signed for more than one user and gives priority to execution re-
quests on the basis of where they originate. The request for execu-
tion is serviced under a software supervisor that could be designed
to interrupt CPU activity to service high priority entries. The
supervisor could instead establish a position in a timing queue,
the timing position a function of the priority's level in the
system hierarchy combined with other parameters. The disadvantage
in this method is that user requirements differ and to get the op-
timal priority-job match each user must seek out the terminal that
can provide the priority level required for his jobs rather than
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use the terminal most convenient to his physical location. The advantage
in such a system is that each terminal could be designed for a special
purpose and have additional hardware available to increase the power of
the terminal. This is common at real-time hybrid simulation terminals
where additional linkage to the digital computer is available for the
special purpose user.
Software assignment of priority is done on the basis of entering
control arguments or with timing schemes. The priority could be de-
termined by a timing consideration, giving each program a specific
time slice for execution. Programs not completed can be saved by
swapping or updated by paging, depending on the memory allocation scheme.
The time slice size can be equal portions for each program, a "round
robin" method, or a time slice could be lengthened as the number of
re-starts increases for a particular program, or a simple run until
completed first-in first-out queue could be used. This last method
is in general not acceptable because one user can tie up the system
for an intolerable length of time. The more favored method is to
allow a maximum time limit for each program. When the time limit
is exceeded the long program is interrupted and the supervisor initi-
ates execution of the next program in the queue. Another modification
on this is to interrupt at the time limit or when input/output (I/O)
is initiated. Because the active program normally must wait for I/O
to complete before execution can continue it is interrupted. The I/O
is run with interlace and multiplexed channels during the execution
of the next program up in the queue.
The simplest and most versatile priority assignment possible is
a verbal agreement of priority that system users determine among them-
selves. This method is restricted to small systems with priority
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reassignable terminals and conversant people. Timing considerations
should be input to the software supervisor based on a set of commonly
agreed on parameters modified to best serve the needs of the system
users. A system architecture of this type is uncommon, but, when taken
proper advantage of, will yield the best results.
Modern time sharing systems employ a mix of these priority estab-
lishment methods. A verbal agreement is reached on the execution pri-
orities available and what priority class each request falls into.
The priority assignment could be based on a listing of servicing para-
meters. Certain classes of requests could be tied to a hardware pri-
ority hierarchy and given service based on a software evaluation of
where it falls in the combined priorities.
3. Isolation
Program isolation is required if the computing system is to avoid
loss of temporarily inactive programs that are stored, but waiting for
a higher priority program to finish in the queue. The method used to
accomplish isolation in most systems is \/ery dependent on and normally
incorporated in the memory allocation scheme.
An isolation scheme used that is independent of the memory allo-
cation scheme uses what is known as programmable lockouts. Program-
mable writing lockouts, when installed, can be set by the supervisor
to allow writing only in the area reserved for the presently active
routine. After execution the supervisor resets the lockout, the un-
locks the area corresponding to the next program in the execution
queue. By using appropriate chaining and mutual protection complete
dynamic isolation can be maintained.
Systems with a paging memory allocation scheme accomplish iso-
lation by incorporating a page table that indicates which segments
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of memory may be accessed by each program. The inclusion of the super-
visor in this table effectively protects the system and other users.
The page table is a dynamic table, changing at the end of each executed
program to indicate what areas are available for the next program in
the queue and what areas are reserved for each program in the system.
The option of saving a program area for re-execution after debugging
is sometimes included in the supervisor, in which case the page table
will retain a program after execution until the program is specifically
cleared.
4. System Communication
Time shared computing systems have two levels of communication,
internal and external. External communications link the machine to
its users. This is a two-way linkage established at the user terminals.
The terminals require a storage capability to buffer the millisecond
speed of the machine I/O down to the time mode of the system user. In
time shared systems, the input terminals are normally used for output,
if they are remote terminals. Most systems include an option of several
methods for feedback of results, microfice, magnetic tape, binary paper
tapes, line printer output, and graphical display on a CRT. The op-
tions depend on the complexity of the remote terminals and type of
communication links used. The basic requirement is for some form of
immediate response or feedback to maintain communications between the
input terminal user and the CPU. This consists of some indication of
what has been accomplished at the CPU, what is occuring, and what will
occur next.
The internal communication system links memory, the central pro-
cessing unit, and I/O peripherals. The internal communication re-
quirement for time shared systems is extreme economy to insure that
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system hardware spends very little time waiting for the command signals
required for continued I/O activity. Hence, the internal communication
system should employ a maximum amount of independent and parallel ac-
tivity. Ideally, internal channels are at least the same width as the
machine word for parallel transmissions. These channels should be
time multiplexed on a demand basis and use independent registers to
allow each channel to independently keep track of its I/O listings.
5. Human Factors Engineering
Time sharing systems are uniquely adapted to on-line programming
and to be of optimal use should be designed to the specifications of
the human who is providing the input data and evaluating the compu-
tational results as feedback on his activity. This study indicates
what some of the more important parameters are and in what range of
values they tend to optimize the man-machine interface. Two general
factors important to this study are the minimization of confusion for
system users and the optimal system response times to provide at-
tractive time sharing service.
To minimize (hopefully eliminate) the confusion of terminal users
all functions should be labeled clearly. The labels can be augmented
by comments on the output media that will lead the user to the next
proper step in the execution of his particular request. Whenever
possible activity that is common to several media should be pre-
sented with an identical set of rules and format for each media.
All labels should be clear and unambiguous. Factors such as char-
acter size and intensity on CRT's, line spacing on media of the
terminal, format of feedback (underlined, boxed, offset, etc.)
and distance from the user (should be less than 29 inches) should
be optimized for each application. Errors should be easily
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correctable and if possible self-identifying.
Basic studies^hndicate that human physical movement rates are no
greater than ten operations per second and visual evaluation rates slow
to a speed of two per second. Reading rates normally range from two to
eight words per second but for persons checking program feedback the
higher reading rates are optimistic as was indicated above. Normally,
remote computer input terminals use a teletype keyboard. Typing rates
vary significantly, but an upper limit of about seven characters per
second would rarely be reached and input rates would be anticipated at
a rate closer to two characters per second. These functional rates
help establish an allowable maximum time for I/O functions at the re-
mote terminal. The keyboard input processor must be faster than a
tenth of a second, a physical upper limit, to allow input typing.
5 6
Studies made by human factors engineers ' indicate that time
sharing systems should have two basic rates of servicing. The on-
line programmer is best served by a conversational rate or fast
5
response of less than one second. However, it has been found that
4





Nickerson, Raymond S. , Elkind, Jerome I., and Carbonell , James R.
,
Human Factors and the Design of Time Sharing Computer systems",
Human Factors , V. 10, N. 2, P. 127-133, April 1968
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Time Sharing System", Human Factors, V. 10, N. 2, P. 135-142,
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24
waits of up to ten seconds are tolerable if the user knows that the com-
puter will deliver a reasonable and useful result at the end of this wait.
If service cannot be provided by the system at this rate, a very slow rate
of ten to sixty minutes becomes acceptable. The latter slower rate makes
it possible for the user to perform secondary tasks that allow the user
to "time share" his efforts between computer interaction and secondary
tasks. Another important concept must be adhered to in this dual ser-
vicing rate system, that of consistency. The response time must be pre-
dictable to avoid loss in continuity of the user's activity. Use of
response time indicators would be ideal for the programmer.
B. SYSTEM REQUIREMENTS FOR TIME SHARING
Implementation of a time shared system design requires specification
of the prospective environment of the system. Once the environment has
been determined, the minimum required hardware for reasonable system
capability can be proposed. Basic time shared system applications and
configurations will be discussed. Progressing from more simple systems
an analysis of desirable system capabilities will lead to discussion of
more complex time sharing systems.
A system environment of several terminals, each requesting batch-
type processing of jobs, table look-ups, and in general non-interactive
off-line requests could require a design based only on equal time al-
locations for all users. The least complex system for this application
is a medium sized core memory, rapid auxiliary memory such as magnetic
drum or disc, more than one teletype user terminal and an interlaced
series of time multiplexed communication channels. Figure 1 schemat-
ically represents this type of system. The remote terminals are used
for program input and after completion of run time segments, a display
of the interim and final results. Single terminal to CPU communication
25






















channels are required. The system is never physically idle because it
is always either serving a user's request for processing or storing ad-
ditional input, both activities within the supervising software pro-
gram. Program input done at the remote terminals is stored by the CPU
on magnetic discs or drums (bulk memory) until run time. At completion
of execution the results are put back on the I/O channel and recorded
at the remote terminal for user evaluation. Without time multiplexed
access to memory and a channel interlace the CPU performs each of the
above steps serially. To improve the system response time the com-
munication channels are time multiplexed with tne CPU for access to
main memory and each user terminal's I/O buffers.
The use of interlace registers on each time multiplexed channel for
control of I/O data lists and programs allows execution of programs
concurrent with I/O operations. This is normally capitalized on by
starting the I/O for a presently active program then initiating exe-
cution of the next program in the queue. The multiplexing allows mem-
ory access for the active peripheral I/O device between the memory
accesses required by the CPU for execution of a program. The high
degree of parallelism in this activity helps meet the speed specifi-
cations of time sharing systems. There is a trade-off here between
increased I/O speed and decreased CPU speed.
The time multiplexing slows the CPU execution rate by only a very
small amount in most systems. The transfer speed capability of the
I/O device is directly proportional to the amount of slow down in the
CPU execution thus the CPU is "stalled" whenever I/O rates approach
the execution rates of the CPU. The fastest I/O devices in common
usage are still in the ratio of 1:1000 to the execution rates of
common CPU's, thus complete stalling is achieved when 1000 fast 1/0
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devices are operating simultaneously. This is not likely to occur be-
cause most time sharing systems service far fewer than 1000 terminals.
When complete stalling does occur the system has reverted back to the
inefficiency of system hold-up during I/O, thus the multiplexing and
interlace features are nullified.
For larger systems, inclusion of a small independent memory at the
user terminals for buffer control and buffering between the I/O devices,
bulk, and main memory eliminates I/O overload of CPU execution and mem-
ory access completely. This improvement again expands the capability of
a system to service many users at even higher speeds. More advanced
systems now use a multiprocessor environment to increase the speed
efficiency and user capability. These processor areas are normally
small, contain the I/O lists and chaining pointers, and are becoming a
good application area for thin film memory. The additional core re-
quired to meet the higher speed specification increases the cost and
complexity of the system.
A slightly different approach to the multiple processor solution of
the stalling problem is to interface each individual terminal to memory
through a coupler that will provide I/O device to memory access in a
first-in first-out queue. The multiple door to memory coupler still
has a potential overload problem similar to that of a multiplexer. The
overload could occur if the multiple door entry area in core coincides
with the CPU entry area in core. Software separation of these areas
will eliminate the problem and the multiple door then is of nearly the
same convenience as the individual buffer. The reduced costs gained by
eliminating the independent user terminal memory, is traded for a slight
7
Kuck, David J., "Illiac IV Software and Application Programming", IEEE
Transactions on Computers , Vol. C-17, No. 8, August 1968,
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loss in CPU efficiency and less available core for active program users.
Time sharinq systems that are used for scientific applications and
batch processing have an additional requirement that calls for user pri-
ority assignment that is less riqid than in the simple system of Figure
1. Some scientific applications such as hybrid calculations and real-
time simulations cannot be arbitrarily terminated at the end of a speci-
fied time interval, as in the simple system, without the chance for loss
of significant data, if not complete disruption of an experiment. These
problems require service for variable lengths of time on a run until
completed basis.
This implies a need for an interrupt system that can be activated
on call and will discriminate in favor of some privileged users who
have special requirements. The interrupt systems in use, in order of
increasing complexity and versatility, are equal priority with software
logic, a hardware designer-assigned priority interrupt system and a
priority interrupt system with programmable priorities which allow
users or the system supervisor to assign a priority level based on
changing environmental situations. The utility for reassignable pri-
ority interrupts allows the reassignment of a terminal from use as
a real time terminal to a batch processor with no excessive hardware
or software requirement.
A major consideration in systems that employ a time sharing capa-
bility is a memory lockout ability that allows only the active user's
allocation in core to be changed by writing. The protection feature
must carry over to the slower area of disc or drum to prevent loss of
any portion of a user program, or the supervisor. The memory lock-
outs normally employed are a manual lockout and a programmable lock-
out feature. Both techniques require a hardware signal interception
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scheme to inhibit writing in a section of memory. Other schemes are
available such as re-interpretation of addresses sent in at each ter-
minal so that they address a different section of memory, divided be-
tween core and a virtual bulk memory. This requires either an input
terminal independent core for a preprocessor, or a discrimination
procedure at the remote terminal-CPU interface.
The initial time sharing system example had a limited capability.
A further specification for more terminals increases the speed require-
ed for execution, supervisory activity, and I/O. Speed capability is
attained by use of additional registers (interlace) and core (indepen-
dent terminal memory) to attain parallel CPU execution and I/O. To
supervise this activity the supervisory software is more complex.
Because supervisory software internal time requirements can become
excessive, additional hardware such as memory lockouts, interrupts,
and chaining registers become necessary. Specification that the
system is to have remote terminals in different types of environment
means that priority interrupts are necessary to help prevent soft-
ware overloading. Because there is a limit to how much core memory
is allowable, high speed bulk memory devices connected to memory by
high speed, interlaced, time multiplexed channels are required. The
implementation of the suggested system improvements has several forms,
all linked to the environment of the computing system to optimize
the solutions to the problems discussed under system technology.
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III. SYSTEM ENVIRONMENT
The study of an existing non-time shared system environment was
undertaken to determine the applicability of the above time shared sys-
tem design considerations. Software requirements are dictated by the
hardware efficiencies and deficiencies encountered in a system, hence
a thorough understanding of a system's hardware capabilities is re-
quired in the initial phase of time sharing design. Analysis of the
system software to determine how it fits into a time sharing appli-
cation is then undertaken. The standing system to be studied is a
hybrid computing facility with one analog computing station, two
CRT display consoles and one digital control console.
A. SYSTEM HARDWARE
A brief description of the physical components of the system and
how each is linked together follows. Particular attention to time
sharing requirements and system capabilities will yield an estimation
of how well the system hardware is adapted to time sharing applica-
tions. In this study hardware deficiencies will become obvious and
ways to circumvent these difficulties are discussed.
1, Analog Computer
The analog station has the standard analog system components of
operational amplifiers, potentiometers, precision resistors and ca-
pacitors. In addition, there is a precision clock, digital counters
and an extensive logical patching network for control of analog and
digital computations, control of problem logic for extensive system
simulation, and data reduction using the system's sampling capa-
bilities and fast fourier transform analysis. This analog system
is capable of operation under digital control or capable of taking
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control of the digital system on an interrupt basis. Normal batch
processing (background operation) can be momentarily interrupted for
analog servicing, then control returned to background as soon as the
analog data requirements are satisfied.
Normal analog requirements for digital service call for input of
new settings for potentiometers, new initial condition settings, re-
setting of differential analyzer thresholds, sampling of selected
output values, data storage, processing and I/O. Digital services
are initiated by two types of interrupts, analog logic interrupts
and data channel interrupts.
Analog logic interrupts are tied to timing counters or differen-
tial analyzer outputs through the logic patchboard. When triggered,
an interrupt shifts the digital system from its background activity
to a service routine written by the user to perform the above mention-
ed types of function applicable to his analog problem. Upon comple-
tion, control is returned to the interrupted background process. A
second set of interrupts are linked to the digital - analog interface
and are triggered automatically whenever an interface buffer transfer,
digital to analog (D/A), analog to digital (A/D), or the analog com-
ponent address and voltage buffer, has been completed. The interrupt
will initiate any end of transfer activity the user desires.





component address and voltage reading), channels is done through a
second port to main core memory. The multiple access to memory
(MAM) device allows the analog computer to access a block of memory
for data buffering and leave unaffected background processing until
the two activities address the same block of core. When simul-
taneous access is required into the same block of core, the MAM
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device has priority and accesses first. The MAM multiplexes requests
for memory access between (see Figure 2) the A/D, D/A, and control
channels of the analog computer and the display buffers being read
by the display hardware to drive the CRT amplifier.
The interrupt system connecting the CPU and the analog computer is
ideal for a time sharing application. The logically controlled and
end of I/O activity interrupts allow calls for digital service to
enter and exit the batch queue without a disruptive influence, once
the called routines have been assembled and compiled into an octal
form and stored in the system. The channels are multiplexed and have
access to memory through a multiple door, providing I/O buffering at
high speeds with minimal stalling of CPU controlled batch processes.
The D/A and A/D channels are effectively interlaced so that each can
run independently and simultaneously, again ideal for the parallel
activity required for time shared systems.
Figure 3 indicates that core memory is divided into three sep-
arate and independent blocks of a lower 8K*, a middle 8K and an upper
16K. The system supervisor resides in the lower 8K of memory with
a small dynamic list of tables stored at the top of core referred
to as upper in Figure 3. The analog and display buffers must be in
the upper 24K of memory to be accessible to the MAM for transfer to
the respective device.
2. Display Units
Each display console has a twenty- three inch diagonal CRT, a
light pen, and a teletyperwri ter keyboard. The scope CRT is coated
with a fast time constant non-memory type phosphor, and has beam
*A11 references to list lengths and memory block sizes are in

































































writing speeds from 7.5 to 18 microseconds for characters and maximum
vector writing time of 52 microseconds on a useable display area 12-1/2
inches horizontally and 13-1/2 inches vertically. The flicker free re-
fresh rate is 45 frames per second. The displays communicate with main
memory through the second port to memory (MAM) and are time multiplexed
with service calls for A/D and D/A buffer activity.
The displays use software defined buffers in core for storage of
the data presented on the scope. Each word is accessed from core and
transferred to a single word buffer for display. The word is read and
printed in one of three modes: character, vector, or point. Depending
on the mode specified, the single word is interpreted as a four char-
acter word of six bits per character, an x-y position for the beginning
or end of a vector, or as a single point to be displayed. The two
controlling words specify the starting address and word count for the
display list, and the mode of display. These words are stored in in-
dependent control registers for each display, which enables the dis-
plays to run independently of each other. Whenever a word count and
starting address is specified as zero, the end of display list inter-
rupt is initiated. Activity is suspended until either the list is re-
started with the word count and starting address of another display
buffer, or end display action is completed.
The light pen is a light sensing diode that suspends display
activity within 1.75 microseconds after sensing the writing beam and
triggers an interrupt. The address of the word in the display buffer
being written by the writing beam at the time of the light pen strike
is available to the digital interface and input with software. In
the case of vector or point modes, only the buffer word address of
the strike is available, however in character mode the character
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position in the buffer word is also available for processing.
The teletype keyboard used at each display console is a system-
standard keyboard for inputting characters* with additional keys that
provide convenient functions for scope presentation. Accompanying the
keyboard is a function panel that has an additional 32 keys (numbered
0-31) for specific programmed functions if desired. A key stroke
on either the teletype keyboard or the function panel triggers the
same interrupt and provides the digital interface with an octal code
indicating which key was depressed. Software is required to input
this coded data for processing. The keyboard code is the American
Standard Code II (ASC II) which the display hardware is designed to
display. The function panel code is a sequential octal numbering
that corresponds to the struck key, which is convenient for soft-
ware connection techniques.
The interrupt system installed at these displays is ideally
suited for a time sharing application. Entry may be made into the
batch queue and service routines called without disrupting the batch
programs in the system. This presumes some software provision for
saving and restoring is made in the interrupt software. These con-
soles could be used for input of symbolic programs and processing
of them in the batch queue in an orderly fashion. The multiplexed
MAM and effectively interlaced channels provide a high speed paral-
lelism required for time sharing applications. Because of the MAM,
access to the drum is efficiently initiated and interlaced with
other CPU activity. A requirement for at least two channels for the
*See Appendix B for listing of keys and corresponding codes.
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CPU becomes apparent at this point. For maximum parallel activity pro-
gram input to the drum could progress on one channel, multiplexed with
I/O activity from the batch queue on a second channel and with the hy-
brid I/O on a third channel.
3. Main Control Console
The control console has a teletypewriter for input and an octal
display of the accumulator (A), extended accumulator (B), three index
(XI, X2 and X3) , flag (F), program counter (P), and instruction (I)
registers with indicators for active channel and peripheral unit. The
control console is the man-machine linking interface where system ac-
tivity is presented visually for operator evaluation. An on-line pro-
grammer may take control of the system for input and execution of
instructions in a step by step mode at this console by manipulation
of the step, idle, run, and hold control switches. Using the tele-
typewriter, program execution may be initiated or terminated. Two
programmable interrupts and six sense switches are available for hand
operation and the on-line programmer may utilize these to perform
specialized functions during execution of his program.
4. Interrupt System
The priority interrupt system is an absolute priority hierarchy
which cannot be changed without hardware modification. The trigger-
ing of an interrupt causes the system to execute the instruction in
the core location corresponding to the interrupts priority, hence,
interrupt 027* has a priority in the interrupt hierarchy of 027 from
the highest and executes the instruction in location 027. This im-
plies that there are 026 interrupts that can interrupt
^Numbers preceded by a zero are octal i.e. 027 is read "octal twenty-
seven".
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when interrupt 027 has occurred and has not been cleared. The highest
priority interrupt triggered always takes precedence over a lower pri-
ority interrupt.
A priority interrupt has three states: inactive, waiting, and ac-
tive. The inactive state is self-descriptive, the interrupt will not
react to, and does not have any triggering pulse on it. Hence, it is
in a do-nothing state. Waiting state is reached by arming the inter-
rupt with a software instruction so that it can respond to a triggering
pulse that would initiate the execution of the interrupt's correspond-
ing instruction. The active state is reached if two criteria are met.
First, the interrupt must have been armed, that is, in the waiting
state. Second, there must be no higher priority interrupts active at
the time of the triggering pulse. If a higher priority interrupt is
active, the triggering pulse is saved and after the presently active
high priority interrupt is cleared the triggering pulse is then acted
upon to put the waiting lower priority interrupt active. The only
automatic hardware functions are the trigger pulse, priority check,
the save of the trigger pulse if a higher priority interrupt is active
and uncleared, and the branch to the priority specified location upon
going active. This means that software interrupt servicing routines
that can interrupt any other routine must provide return to the in-
terrupted routine. Additionally, software interrupt servicing rou-
tines must not clear a newly active interrupt until the newly active
routine can be interrupted by a lower priority interrupt without loss
of continuity. When an active interrupt is cleared, the only branch
that can automatically occur is on a saved interrupt waiting to go
active from the waiting state. Lower priority routines, once active
39
and then interrupted, are not automatically returned to upon the clear-
ing of a higher priority interrupt. This responsibility is the software
programmer's.
The priority interrupt system provides the capability for temporari-
ly suspending execution of one program in favor of execution of a second,
The priority interrupt system is excellently adapated for a time sharing
environment and eliminates considerable amounts of software with its
built in logic for waiting states. Because each interrupt may be con-
nected to any routine with ease, the interrupt user may be varied ac-
cording to changing system configuration.
5. Time Multiplexed Communication Channels and Peripheral Devices
The system peripherals are linked to main memory by high data rate
time multiplexed communication channels (TMCC) each with a set of regi-
sters that allow for interlaced activity between the CPU and the chan-
nels. The I/O channels operate at the speed of the I/O peripheral
attached. Figure 4 illustrates the configuration of the channel with
its attached peripherals and interlacing registers.
The channel demands for memory access are considerably slower than
the CPU in this system. Hence, individual peripheral memory buffers
are not necessary. Figure 5 indicates the relative percentage of CPU
reduction in execution speed for interlaced I/O for the system device.
Each channel may have I/O on only one device at a time and the TMCC
control unit can service up to four channels, although only one
channel is installed. The TMCC Control Unit connects to core memory
through the CPU and services calls for memory access from the chan-
nels when they arise.
This system has a high speed, 800 lines per minute, 132
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characters per line, line printer; two, 200 bits per inch, 15K character
per second magnetic tape units with unit number selectivity from zero
to seven; a two million word, 147K words per second drum; a 10 character
per second, character teletypewriter in conjunction with the main con-
trol console and a 210 cards per minute card reader all on one TMCC (A).
The system capabilities are ideal for time sharing applications.
The I/O channels are capable of data movement in parallel with CPU pro-
cessing. The multiplexer allows memory access for more than one
channel between CPU memory accesses. The bulk memory device is very
fast, capable of swapping the entire core memory at a rate of 276
times per minute. However, because each channel may have I/O on one
device at a time the advantages of parallelism are nearly lost. Swap-
ping or paging activity must time share the single channel with active
I/O resulting from execution of a program in the batch queue. This
results in an unavoidable complete, or 100 percent, stalling of either
the batch execution at I/O time, or the swapping activity. The in-
stallation of a second interlaced TMCC with only the drum on it,
will significantly reduce the stalling from 100 percent to between
the limits of 51.4 percent to 25.7 percent. (See Figure 6).
B. SOFTWARE ENVIRONMENT
The computing system operates under control of the SDS Real
Time Monitor (RTM). This system supervisor makes provision for con-
trolling assembly and compilation, hybrid, display, and batch proces-
sing in an on-line, real time, simultaneous I/O mode. The RTM pro-
vides a set of debug routines along with a complete set of diagnos-
tics for debugging and analysis of programming errors. All active
programs are run in a batch processing mode referred to as background.
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Background jobs are swapped out of core on to the drum if additional core
memory is required for an interrupt service routine. After the inter-
rupt is serviced, control is returned to the interrupted background pro-
gram after it is swapped back into core. The areas on the drum where
swapped programs are stored are reserved and protected by RTM from being
written over.
Memory management is done by RTM. Figure 3 shows the subdivisions
of core memory with the resident control portion of RTM in the lower
section, interrupt processors in upper with some of the RTM's temporary
pointers, and batch processes in the remainder of core. Non-resident
RTM subroutines called by a batch process are added to the lower por-
tion of memory moving the lower limit of the batch process higher into
core. When a batch process is too large to fit in the core remaining
after lower and upper are filled, RTM will not execute the batch pro-
gram and gives an error diagnostic.
The system supervisor, RTM, has a resident processor, a Fortran IV
processor, a Symbol and Meta-Symbol assembler, an overlay loader, an
I/O processor and primary and secondary libraries.
The resident monitor processes all control messages and makes pro-
vision for users to write and define new control messages to specify
additional activities or modes of operation. An interrupt processor
(which saves hardware and program status) is included to control all
interrupt processing. After an interrupt routine is serviced the in-
terrupt processor restores the interrupted program and hardware status.
The interrupt processor is re-entrant and interruptable allowing mul-
tiple interrupts to be processed without loss of the interrupt pro-
cessor's arguments. The re-entrance program saves the arguments of
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a subroutine if it is being re-entered as a result of an interrupt.
These arguments include local variables, temporary storages, return ad-
dresses, calling argument addresses, and are stored in a first-in last-
out push down stack.
A resident loader is used to load all programs from the system files
including the overlay file, secondary and primary libraries. The loader
is semi -absolute and has the ability to search the system files for a
called symbol at load time. When the symbol is located, the subroutine
containing the referenced symbol is loaded and linkage is made to the
symbol. Some resident supervisor subroutines are callable as subroutines
for the general user which results in possible user program size effici-
ency.
The SDS Fortan IV processor includes an assembler, compiler and gen-
erates subroutines that allow real time operations. The Fortran IV
language used is the standard machine independent mathematical language
used in IBM and CDC systems.
The Meta-Symbol and Symbol assemblers translate machine language
symbolic input into an octal semi -absolute format ready for compila-
tion, loading and execution.
The overlay loader converts relocatable segmented programs into
proper form for loading. Any programs that are segmented are loaded
under control of the overlay loader which does the bookkeeping of
when the proper time for loading is, and which segment is to be
loaded next.
The system I/O processor is a subroutine that generates its I/O
octal format from the calling arguments. This routine processes all
supervisor and Fortran initiated I/O and with the proper calling
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arguments it will process any I/O desired. This processor has built-in
checks that control list movement and saves pointers to reserved files
for later processing. All I/O is done on a first come first served
basis with no I/O interrupt possible during an I/O operation. The
interlace capability is used to do I/O in parallel with CPU activity.
The primary library is stored on the drum and consists of system
routines, Fortran I/O, and routines to perform mathematical operations.
Mathematical routines may be added as they are written and perfected
by system users. The debug program is provided as a part of the pri-
o
mary library for tracing, patching, snapshots and program display.
The secondary library, which is also stored on the drum, includes
interrupt services routines and batch production programs that are to
be saved for production runs.
The system software is not designed for time sharing. Some of
the subroutines required to correct this deficiency are available in
the supervisor itself. The re-entrance subroutine is the most signif-
icant of the system software subroutines required for time sharing
implementation. The resident monitor ability to process new control
messages with arguments and the re-entrant interrupt processor are
other important building blocks. The most significant improvement
necessary is alteration of the assembler and compiler routines to
include a re-entrant capability. The I/O processor's pointer tables
and ability to reserve areas and hold the reservation are especially
essential to a time sharing environment. The inclusion of a re-
location processor for swapping and paging would complete the im-
plementation of a time sharing capability.
8
Scientific Data Systems, SDS Real-Time Monitor Reference Manual
,
P. 17-18, Publication 90 11 OGC July 1967
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One of the most important features of time sharing software is
swapping speed for paging through virtual memory, reading a page to be
saved onto a drum, then writing a desired page into core. The nominal
maximum word transfer rate for the drum is 147 kilohertz. When the
system I/O processor is used to do the data transfer, the word trans-
fer rate (see Figure 7) drops to 5.85 kilohertz, about 4 percent of
the nominal rate. A simple high speed swapper (Appendix A) external
to the system processor has an average word transfer rate of 85 kilo-
hertz. (See Figure 8). The higher word rate is desirable in terms of
response time for the system, however, the trade-off is loss of system
protection of time sharing drum listings from batch and hybrid initi-
ated writing activity, and vice- vers a loss of protection of batch and
hybrid drum listings from time share initiated writing activity.
The display console software js not adapted for source input of
object programs. The existing software is especially adapted for
input from the main control console and hybrid system for display of
results. The lack of program independent linkage to the CPU makes
its use for time sharing difficult, if not impossible with existing
software. The display buffers are dynamic and relocatable and be-
cause of these features they are not consistently accessible for
application of paging techniques. These factors complicate the re-
quirement for linking debugging and editing capabilities from display
lists to drum lists, and for orderly and rapid translation. Consider-
able study indicates that linking existing display software to the
needs of a time sharing system console requires software patching more
complicated, thus slower, than a new software package designed to do
the time sharing task. The new software does not pre-empt existing
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software capabilities nor uses, only makes possible a time sharing capa-
bility on call as an additional system subroutine.
C. SYSTEM RELATION TO A TIME SHARING CONFIGURATION
The system outlined above has the basic hardware potential required
for a time shared system. Most important is the multiplicity of user
terminals. The main control console, each display unit, and the hybrid
system provide stations where four potential users could share the
system. The display consoles and the main control console are stations
where on-line programmers would normally use the system.
The hybrid computing system and the display consoles access the
digital computer for processing time with priority interrupts. These
allow access to the CPU, hence, core memory at any time their particu-
lar priority is highest in the system. Provision has been made for
additional interrupts to be installed to expand and restructure some
of the system functions. These could be connected to a time sharing
execution queue or put to other use.
Speed of I/O and swapping are provided by the interlace system and
time multiplexed communication channels. The required fast swapping
speed is provided by the high speed drum and the interlace TMCC.
The interlace is very essential to the parallel movement of data on
the TMCC during run-time on the CPU, if additional I/O is not required
by the CPU. At least one additional TMCC is required to relieve the
100% I/O stalling problem.
The only hardware isolation provided is a set of manual protect
switches built into the drum controller. This protection is needed
regardless of whether the system is time shared or not. These
switches could be set by an individual to save listings for execution
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later if desired, however, the system supervisory software will save
these listings until released.
The system software supervisor is not designed for time sharing.
Because the assembler and compiler are not re-entrant these two func-
tions are necessarily in the batch queue under a run until completion
mode. When a program is assembled and compiled it may be swapped out
to allow other users into the batch execution queue. Because there
is not a relocation feature the program swapped out must be swapped
into its original location in core. These indicate that for time
sharing the batch execution area, a swapping procedure is best. This
9
conclusion is supported by other system analysis.
System provision for connecting additional interrupt routines,
and swap-out of active batch routines during interrupt servicing,
is used to save batch programs during the execution of interrupt
programs that link to the time sharing swap-in, execute, swap-out
cycles. The provision for retaining user listings after I/O is used
to save listings for swapping on the drum. Additional software will
be required to initiate swapping and do tracing of execution activity
for interrupt linked time sharing programs. Routines to provide
program input, and editing at the display are also required.
9
Stewart, J.J., Program Relocation in a Multiprogramming Environment ,
Masters Thesis, Naval Postgraduate School, 1967
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IV. PACKAGE PHILOSPHY
The ultimate goal of the design of a special purpose time shared
capability for the Electronics Engineering Computer Laboratory has sev-
eral intermediate goals to be served in the achievement of a useable
design. A desire exists to use as much existing software and hardware
as possible. This reduces the problem of interfacing new programs and
hardware to the old, reduces the additional core requirement for the
larger supervisory program, increases speed by keeping the supervisor
small and resident so supervisor swapping is not required, and will
avoid costly bookkeeping errors that lose programs or user listings.
The additional software should be stand-alone and callable as a sub-
routine so that a "partially" time shared and foreground - background
system will run under simultaneous control of the old and new super-
visors. The time sharing capability should provide as fast as pos-
sible service to minimize mutual interference and time delays.
A. SYSTEM USERS
This computing system is used primarily by students who are learn-
ing the basic principles of hybrid computing techniques, or learning
the basic principles of machine language programming and computer
hardware capabilities. Hence, a considerable amount of time is spent
doing editing, debugging, step-by-step execution, and rerunning of
the same programs. Most of the basic hybrid programs require very
little CPU time but monopolize the entire system by using the line
printer as output in a print and calculate mode. The technique of
step-by-step execution also monopolizes the entire system. In the
case of step-by-step execution, the system is kept in idle except
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during a step, when the system executes one instruction.
These two modes of operation are the most common used and the most
wasteful of CPU time so any time sharing capability must allow at least
these two types of users to share the CPU. The inclusion of a batch
user into a group of step-by-step debuggers and hybrid users would be
ideal. This special purpose time sharing supervisor is designed to
provide service for two users doing step-by-step program debugginq at
the display console, one hybrid user, and one batch processor doing
either Fortran IV or Meta Symbol production runs, with each user able
to use the full capabilities of thesystem with a minimum of mutual
interference. The users doing step-by-step debugging are allowed to
rejoin the background queue for run time by any workable verbal agree-
ment with the other users. The display consoles are not limited to
step-by-step debugging. They are useable for on-line editing and
correcting of successful or unsuccessful programs on a page-by-page
basis and then re-entry into the run time queue by verbal agreement.
Figure 9 is a pictorial outline of the envisioned special purpose
time shared system with possible use configurations listed.
B. QUEUING
This computing system is installed in a unique environment that
allows the execution queue to be entirely external from the hardware
or software of the system. Because all four possible user stations
are within conversational proximity of each other, the best and most
foolproof method of determining execution priority is by word of
mouth. This allows consideration of length of job; who is first in
the queue; who the agreed primary user should be based on the urgency
of the individual's time schedule and projected system use; which
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user is most likely to cause system disruption through destructive writ-
ing on the supervisory RTM; and of other less subjective basis for pri-
ority to be determined with the inherent adaptability of a man to man
interface versus the inherent rigidity of a machine logic to man inter-
face.
The run time queue is a verbally agreed on priority for batch or
background* execution of a user's program. This is distinct and dif-
ferent from the input, editing, debugging or step-by-step activity at
the display consoles. These latter activities occur on an interrupt
basis and are serviced in an internal queue (priority interrupts) on
a higher priority than the run time queue. Limiting the run time
queue to background operations allows the priority interrupts to be
processed on a demand basis and avoids setting the system to an idle
state for step-by-step debugging. In turn, the interrupt demands
must necessarily be short and if at all possible unseen by the back-
ground operator to allow a reasonable program cycle rate for a group
of background users.
The foreground* user enters the run time queue by verbal agree-
ment of his priority with the background users. This run time queue
is an assemble, compile and execution sequence that ends for a pro-
gram in this queue when execution is completed. The decision to
operate in this mode, rather than enter background for execution
from the displays in foreground via interrupts, was based primarily
on the arguments discussed below.
*Batch and background are used interchangeably.
interrupt and foreground are used interchangeably and apply to
users who are serviced by interrupts exclusively.
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The system supervisor assembles, compiles and executes programs
entered into the batch processor in background only. In the background
mode RTM requires that at least one control message be input from the
card reader or the control console teletypewriter during the job in-
itialization phase. This requirement restricts foreground to back-
ground movement for any program to have at least one control message
in the background area. Because background operations must be sus-
pended for execution of a program input at the display consoles any-
way, it was decided that the foreground user desiring to go to back-
ground execution should join the background queue and not disrupt the
already formed queue with a priority interrupt entry. A second very
important objection to interrupt entry into background is that the
assembler, and compiler are not re-entrant. If a background job is
interrupted for foreground entry into the background assembler and
compiler during either assembly or compilation of an active background
job, the interrupted job is lost and bumped out of the queue. Highly
unsatisfactory for the bumped user!
The additional objections to priority interrupt entry into the
background queue are less severe and could be eased with system de-
velopment. The most obvious is the lack of multiple output media.
Background users normally output on the line printer. Because only
one line printer and TMCC are installed at present there could result
a mixing of from two to four outputs if priority interrupt entry into
the background queue did not provide a private output media. The
most obvious private output media is the display console and soft-
ware provision for this has been made. However, a hard copy, when
desired, requires an additional entry and re-execution in the
background queue at an inconvenience to the user.
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Changing any portion of the RTM to provide re-entrancy to the as-
sembler and compiler is not a trivial change. The RTM is a large inter-
leaved software program with most of its links dependent on each other.
There are several subroutines called by the assembler and compiler which
would require changeover to a re-entrant capability. In addition, some
of the subroutines in the assembler and compiler are called by other
routines, and these individual internal routines would have to be
changed to have re-entrancy too. The execution and check-out of such
a change is an ambitious undertaking.
The hybrid user can operate entirely foreground and get nearly all
the service he desires. However, the conflict over the single line
printer as output device can arise. Most hybrid programs require some
form of output listing of activity for evaluation of problem progress.
The background processor also requires a copy of his results. The use
of a verbal agreement to establish output priority is the best solu-
tion. In some cases a hybrid user must have output immediately so he
can react to developments in a real-time simulation. In this case if
large amounts of data are output at a single burst the line printer
must be used. However, if only a small amount of data is required,
then the teletypewriter is a suggested alternative. The teletype-
writer is not a useful output device except for short, two line
messages because its writing speed is much too slow (ten characters
per second). An alternative is using the magnetic tape as output
media for the batch processor, with a first-in first out queue on
output from magnetic tape to the line printer when the hybrid sys-A
tern is in an activity null and the background queue is either em-
pty or interruptable.
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C. HUMAN FACTORS APPLICATIONS
5 6
Applying the concepts expressed by some human factors engineers
response times were designed into the software to be constant for each
particular mode of operation. The step-by-step execution mode is one
of the slowest at six seconds per step, however the user has several
interpretive functions to perform at each step, hence a slower re-
sponse time is tolerable. Paging is a slow process but is still easily
tolerable at six seconds per page. The on-line programmer performing
editing functions works on a page at a time and does not normally page
rapidly through a program. The editing function response times (light
per strike, character input, and line erasures) are less than the ten
millisecond minimum response time of the on-line programmer, hence are
adapted to continuous uninterrupted use at the on-line programmer's
maximum ability. The only sizeable delay is after entering the back-
ground run time queue. This delay is either short in the order of
1 or 2 minutes, or long — ten minutes or more, depending on the sys-
tem activity. These times fall into the two categories of too short
to be inconvenient or long enough to allow the on-line programmer to
"time-share" his time between the run time queue and a secondary task.
The display presentations are formatted to the user's past ex-
perience as much as possible. This familiarity helps provide a
better fit of the machine to the user. In the input, edit, and de-
bug modes the scope face has an underlay that duplicates the standard
Fortran IV coding sheet used for program writing. Because the pro-
gramming activity is the same, the identical format helps the user
feel familiar with his new environment and concentrate on the old
set of rules he always has used for program writing. When the
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on-line user is in the step-by-step debug mode the scope format dupli-
cates the main control console layout as nearly as possible. This
format is modified to be read more easily than the control console by
presenting all data as octal numbers in the same respective locations
as seen at the control console, with the register labels linked to
the contents with an equal sign. (See Figure 10).
A very important factor in the design of any software system is
the feeling of confidence in the system a user gets when using it.
The feeling of confidence is generated when his errors are either
overlooked or interpreted as an erroneous action that can be undone
if necessary. Because the human participant is the error-prone link
in a man-machine system the machine portion must be designed to cor-
rect or ignore errors made by the human. The easiest method of
achieving this versatility is to design the software so that the
machine will present the fact that an error has been made and name
the error for the human user to evaluate what his correction action
will be. Likewise, it is very important that the user cannot cause
the software to write on itself or lose its place by making a mis-
take at his console. Most operations must be done in a particular
sequence, otherwise they could confuse or destroy the supervisor.
An attempted execution out of sequence should initiate a warning and
abortion of erroneous action.
D. ENGINEERING TRADE-OFFS
The trade-offs made in the design of this system were dictated
principally by the existing system and the intermediate goals of
the system design. Such things as sacrificing speed for isolation
in the swapping routines by using RTM control, verbal entry into the
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background run time queue versus interrupting background execution for a
priority entry, assignment of output media by verbal agreement instead
of additional software controlled queuing and rigid assignment, and re-
quiring additional good programming techniques of machine language pro-
grammers are the major trade-offs. These do not significantly slow the
speed of servicing and they maintain the true strength of the non-time
shared system, that is, adaptability. The system configuration can be
changed with control messages by each user to fit his particular re-
quirements and not violate other system users sharing the CPU. The
only limits are essentially timing and interference and these can be
worked out on a verbal level more logically than by a machine.
E. RESULTANT DESIGN OUTLINE
The proposed flow of program execution is important in the design
of the special purpose time sharing system. All programs input must
be processed in the background area for assembly and compilation
prior to execution. Interrupt users initially run their programs in
for assembly and compilation in the background run-time queue, then
save them on the secondary library. Once input, interrupt programs
are executed on priority interrupt demand. Whenever an interrupt
occurs the background activity is suspended until the interrupt is
serviced, then background activity resumes. The interrupt could re-
sult from a hybrid call for digital computation or I/O, a display
character input, a display light pen strike, a display end of dis-
play buffer, a swap-in and execution of one step and swap-out at
the display, a special purpose function like a line erasure on a
display, or an iteration of an on-line program after a data change
at the display. Programs are typed in and edited at the display
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consoles entirely on interrupt servicing. To execute these programs the
input is switched on to magnetic tape and from magnetic tape executed in
the batch run-time queue. Programs input to the display buffers for de-
bugging and editing are executed by switching the edited program to
magnetic tape and executing in the batch run-time queue.
The software functions that meet the above specified time sharing
system design requirements and fit into the existing system environment
are outlined below.
1. Program input at Display -- Processes display interrupts to
provide program input and transfer from foreground to background for
execution in the background run time queue.
2. Program input from the Card Reader (C/R) to the display edit-
ing processor -- Transfers of a program read in at the C/R into the
foreground for paging and editing to correct syntax and logic errors.
3. Paging Processor -- Provides a means to page through bulk
memory and restore the edited pages in core back into the bulk memory.
4. Display execution routine for octal programs -- Swaps in,
executes and swaps out octal programs, then provides for program data
changes, and a re-execution or termination option.
62
V. SOFTWARE DESCRIPTION
Th'e special purpose time sharing package will provide two addition-
al basic types of service during hybrid and batch processing:
1. Program input, editing and execution in foreground and back-
ground respectively, on an iterative basis.
2. Step-by-step execution with a tracing of program activity.
The subroutines required for these two additional functions on a time
shared basis during hybrid and batch processing are outlined below.
Discussion of program linkage and of the programming principles ad-
hered to, with the trade-offs involved is included. A detailed dis-
cussion of the subroutine features with flow charts of program logic
follow.
A. PROGRAMMING PRINCIPLES
Correlation of system goals to good programming principles yields
a set of rules to adhere to when writing software. In this time
sharing application speed is of prime importance. A close second is
minimal size of software. The original system design set limits of
less than 8K words available for a time sharing supervisor. All of
the subroutines are of a re-entrant nature so that one subroutine will
service all requests of a common functional nature. This was accomp-
lished by using indexing to point the proper argument in an argument
table. Each subroutine saved its return address and had an argument
table. All interrupt service routines saved the registers and por-
tions of core they used and restored them as part of a standard end-
action routine. To increase the speed of code translations the
method of table look ups with the table base address indexed by the
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entering argument to get the location of the exit argument was used.
Whenever possible, registers were used for temporary storage because
of the high speed of register data transfer versus slower memory storage.
Maximum use was made of the single cycle register masking and minipu-
lation instructions. All I/O was done under interlace control, with
the exception of the drum I/O which was done under RTM control to insure
saving of drum lists. Use of system subroutines was limited to only sit-
uations where linkage had to be provided to save common arguments. Be-
cause of the interdependence of the RTM subroutines many extra checks
and tests are built-in but not required by simpler routines such as many
used in this software package. These extra checks absorb sizeable
blocks of time.
B. FUNCTIONAL DESCRIPTION
The following descriptions of the subroutines used for the two basic
types of additional service are of the function provided, with no speci-
fications of how. The basic interrupt routines service both the program
input, edit, and debug mode and the stepping mode and are included in
this discussion.
1. Program Input Editing and Debugging
The information flow and functional organization of the subroutines
to perform the input editing and debugging function is outlined in
Figure 11. The subroutines required to perform this service are listed
below:
a. WKEYD - Entered by use of a control message with a single
field specification that indicates which display scope is
desired. The re-entrant index pointer is set to the proper
arguments. The desired display is started and its lists
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are cleared. All input pointers are zeroed and the display
is set up for input.
b. KEY1ACT AND KEY2ACT - These are the entry point subroutines
for keyboard or function panel interrupts. The entry routines
record the interrupted address and at which display console
the interrupt occurred. The index register is set to point
to the proper argument in the argument tables for re-entrancy
and then the common processor is entered. The octal code
input at the interface is interpreted in the common processor
to determine if the interrupt was from the keyboard or func-
tion panel and what action is required of the software;
character input, special typing function, or a function panel
subroutine execution. See Figure 12 for an example of the
interrupt service program organization used.
Several major actions are initiated by special typing
function panel key strokes. Paging for editing, erasure of
a designated or partially input line, and entry from fore-
ground to background are initiated by this subroutine in
this mode.
c. PEN1ACT AND PEN2ACT - These are the entry point subroutines
for a light pen strike. They record the interrupted ad-
dress and set an index register to point to the proper
argument in the re-entrant argument table of the common
processor. The common processor inputs the word in the
display list and the character corresponding to the strike
is set to zero so the strike location is displayed as a
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correction character is typed in at the keyboard. A second
action is allowed, an erasure of the entire line the strike
occurred in. The light pen is not enabled until the entire
correction line is input.
d. FLASH! AND FLASH2 - These are the entry point subroutines
for the end of display list interrupts. They save the in-
terrupted program's return address and set the pointer to
the re-entrant argument table of the subroutine. They then
branch to the common processor which restarts the display
that stopped and returns execution control to the inter-
rupted program.
e. DEBUGS - Entered from the keyboard processor by stroking
the "ALT MOD" key. The mode of operation is switched to
editing by the ALT MOD key with the light pen, character
keyboard, and function panel enabled for editing. Be-
cause the light pen needs a signal to occur, a check
(i-""" ) is presented instead of blanks in the text on the
scope so blanks may be altered. Exit to the input mode
is accomplished by stroking the functional panel key
labeled 1. After exiting the last page to be input is
displayed and the pointers point to the next character
position.
f. \\PSK - Entered by a control message with a field speci-
fication that names the display console to be used. This
routine initializes the display, then reads a source pro-
gram in at the card reader and stores it in the named dis-
play drum buffers. The program is then assembled, com-
piled and executed in the background queue.
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g. EXECUTE - Entered by typing " GO" and a carriage return on
the display scope keyboard. This subroutine reads the source
program in the display buffers and drum page buffer onto the
magnetic tape. The program can now be read as source input
in the background queue. This effectively inputs a source
program into the background queue from the foreground area,
h. STAR1 AND STAR2 - These are fixed position, fixed length dis-
play buffers. Each display has a private buffer area that
allows for 23 lines of small characters to be viewed. The
buffers also include the Fortran IV coding sheet underlay
for input mode. The lists are self-chained to avoid flick-
er problems.
2. Step-by-Step Execution with a Tracing of Program Activity
The flow of information and basic functional organization of this
activity is outlined by Figure 13. The subroutines required to
perform this service are listed below.
a. STEPBY - This subroutine is entered with a variable number
of arguments; the display number, and a list of program
variables desired to be traced as the first step in the
calling program. The maximum number of variables to be
traced is six. Specification of more produces six, or
less, in an unpredictable fashion. The calling program
is read onto the drum for future reference and the dis-
play is cleared and initialized to the control console
format. All the initial register and variable values
are saved for the stepping phase of the program. Con-
trol is returned to the calling program for execution.
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b. STEP1 AND STEP2 - Before entry to the common processor a flag
is set in STEP1 or STEP2 to indicate which display is using
the program. The argument pointers are already set by
KEY1ACT or KEY2ACT. Action is initiated by stroking the
step button (Key 31) on the functional panel. The common
stepping routine interprets one displayed instruction and
executes it, then updates the displayed registers and vari-
ables and returns to the end action routine. One instruc-
tion is executed after each stroke of the step button.
Provision is made to interpret changes to the displayed
registers (with the exception of the F and P registers)
and execute the changes. The purpose is to simulate the
main control console capability during step by step ex-
ecution.
c. BACKUP1 - Entered from KEY1ACT or KEY2ACT resulting from
a stroke of Key 29 on the functional panel. This decre-
ments the P register once and displays the previous in-
struction. No other displayed registers or variables
are affected.
d. NOEXU - Entered from KEY1ACT or KEY2ACT as a result of a
stroke of Key 30 on the functional panel. This incre-
ments the displayed P register once and brings in the
next instruction without executing the instruction in the
display instruction register.
e. KEY1ACT AND KEY2ACT - The step-by-step routine is con-
trolled from the function panel, therefore the required
interrupt saving and re-entrant argument table pointer
setting are done by these calling subroutines. Alterations
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of the displayed registers are input at KEY1ACT or KEY2ACT
but processed and stored under PEN1ACT or PEN2ACT. The re-
storing of interrupted registers, return to the interrupted
background process, and other appropriate end action acti-
vity is also executed in KEY1ACT or KEY2ACT.
f. PEN1ACT AND PEN2ACT - Same as above with the exception that
the erasure of the entire line the light pen strike occured
in is inhibited.
g. FLASH1 AND FLASH2 - Same as before.
h. STAR1 AND STAR2 - Same as before, but set to display the
main control console registers.
C. SUBROUTINE DISCUSSION AND LOGIC
The subroutines of the special purpose time sharing package are
here broken down into their discrete functional components and have
their logic traced with corresponding flowcharts.
1. WKEYD
" WKEYD" is entered from RTM, initiated by a control message
"AKEYD (arg.)" where "arg." is the entering argument specifying
which display scope is to be initialized, 1 or 2. The registers to
be used are saved to preserve the system supervisor arguments. The
control message argument is entered using RTM. The display number
is used in an index register to point to arguments used by this
routine that apply to the named scope. The interrupts of the named
display are connected to the time sharing interrupt processor and
the display is started. The display buffers are cleared, then the
pointer and checking flags are set to start input of new lists.
The Fortran IV coding sheet underlay is initialized for display.
After the registers used by WKEYD are restored, the display
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interrupts are enabled for program input and editing activity and return
to RTM is executed.
2. EXECUTE
Execute is entered from PSK to bring programs read into the fore-
ground drum buffer from the card reader back into background by writing
it on the magnetic tape. Execute is also entered by typing " GO"
and a carriage return at the display console to put the program on the
foreground display buffer into the background queue by writing it on
magnetic tape. The execution sequence is outlined in Figure 14 for
programs entered into the background queue under control of the dis-
play.
3. WPSK
PSK is entered from RTM. The entry is initiated by a control
message " A PSK" (arg.)" with arg. the number of the display whose
buffer area is to be filled. The display initiation routine (WKEYD)
Typed at the Display Console Keyboard:
AGO
In the Background Queue in the Card Reader:
AJOB
A ASSIGN SI=MT3A for Display #1, MT4A for Display #2
A ASSIGN (args)
AMETA9300 (args) or A FORTRAN (args)
AEOF A LOAD (args)
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is called for setting up the display. The paging counter (FACES) is re-
set and the high address bits set in the energize output (EOM) instruc-
tions. The cards in the card reader are read in and saved a page at a
time on the drum and magnetic tape. The source input is read from
magnetic tape for execution in batch mode. Figure 15 shows the proper
calling sequence.
4. DRUMRD and DRUMST
These are entered from other subroutines that request paging of
blocks of memory in and out of core. The entering argument is the
number of pages to be stored (FACES) or read (ENDING). For reading
pages from the drum a flag is set (READ) negative. The common proces-
sor is made re-entrant by the prior setting of an index register (XI)
to point to the correct arguments in the argument tables. The point-
er to the proper page on the drum is calculated and stored (BUILD).
A buffer area in core is swapped onto the drum for saving, then the
desired program listing on the drum is read into core. A page is
transferred to or from the respective display buffer, then the pro-
gram listing is swapped onto the drum. The saved buffer area is then
A JOB
APSK (1 or 2)
object deck
A EOF
AASSIGN SI=MT3A for Display #1 , MT4A for Display #2
A Assign (args)
A FORTRAN (args) orAMETA9300 (args)
ALOAD (args) AEOF
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restored to core from a saving buffer on the drum and execution is re-
turned to the calling program.
5. DEBUGS
DEBUGS is entered from KEY1ACT as a result of striking the "ALT MOD"
key on the display keyboard. This subroutine controls the displays in
the editing mode. It saves the present contents of the display buf-
fers and starts paging from the beginning of the program in the dis-
play buffer. Each succeeding page is presented on the scope. The
light pen and keyboard interrupts are enabled for erasing erroneous
characters or lines and inputting corrections to the errors. Succes-
sive strokes of the ALT MOD key displays successive pages. When all
pages have been displayed, the paging pointers reset and start paging
from the beginning of the program again. Exit from this routine is
executed by striking the function panel key labeled 1. There are
two buffers used, the page buffer, which holds the SDS internal code
form of the program for swapping, and the display buffer, which holds
the ASC II code form of the program for display. The program is held
on the drum in SDS internal code ready to be transferred to background
mode. During paging, the translations between the page buffer and the
display buffer utilize a rapid translation program.
6. DDEBUG
DDEBUG is entered from KEY1ACT or KEY2ACT only when the keyboard
and function panel are under control of the DEBUG subroutine. The
entry is made by striking function panel key 1. DDEBUG returns the
display to the input mode, from the editing mode. The display input
pointers are reset for input of the next character on the line where
the shift to editing occurred. The page on display in the edit mode
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that was stored when editing was initiated is translated and displayed.
If a line was in the process of being input, and consequently was not on
the page buffer, it is returned to the display scope. Then the keyact
exit routine is executed.
7. SPACST
SPACST is a general subroutine used to store spaces in a display
buffer area specified externally by an entering index register 2 (X2)
argument. SPACST stores spaces twenty, four-character words at a time,
into the display buffer specified by index register 1 (XI), and the
line of the buffer specified by X2.
8. FLASH1 and FLASH2
Interrupt 043 and 046 respectively, enter these subroutines which
set index register 1 (XI) to point to the correct display argument in
the re-entrant argument table. The display which initiated the inter-
rupt by sensing an end of display list is started by the common pro-
cessor. Then XI is restored and return to the interrupted routine is
executed.
9. STAR1 and STAR2
These are the buffer and table subroutines. The display buffers,
the Fortran IV overlay lists, the page buffers, the translation tables,
and the EOM table are held here. The display buffers have address
entry points for the error messages and the main control console
register representation used in the step-by-step execution mode.
The page buffers for the SDS internal code representation of the ASC
II coded programs in the display are in this subroutine. The tables
for translation between these two codes and the table of EOM instruc-
tions that control the display interrupt arming and transfers of data
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10. PEN1ACT and PEN2ACT
These are entered from the light pen interrupts at the displays and
set index register 2 (X2) to point to the proper arguments in the re-
entrant argument tables. The registers to be used are saved for pre-
exit restoring. The display buffer word and character position point-
er are read in and processed. The character where the light pen strike
originated is replaced with a A . The function panel and keyboard are
enabled for input of the desired correction character. The saved regi-
sters are restored and control is returned to the interrupted sub-
routine.
PENRIT is internal to this subo routine and is entered from KEY1ACT
or KEY2ACT. It reads the input character and if it is function panel
key 1, branches to the subroutine that erases the line where the in-
terrupt occurred. If it is a keyboard character, it is input as a
single correction character to replace the A input at the strike.
11. KEY1ACT and KEY2ACT
These are entered from interrupt 045 and 050 respectively. Each
interrupt is initiated by a key stroke on the function panel or key-
board of its respective scope. The originating scope is noted, and
indexing to the proper argument in the re-entrant argument tables is
used. A code check is made to route the input character to the light
pen correction routine, erase line and fill action routine, carriage
return routine, backspace with erase routine, foreground to background
transfer, transfer from input to editing mode or editing to input
mode, or the function panel key subroutine address table. These sub-
routine activities are all monitored, and exit is provided which re-
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automatically stored on the drum and pointers are set for inputting the
first line of a new page.
12. STEPBY
STEPBY is called by a Meta Symbol or Fortran IV program with a call-
ing sequence of BRM STEPBY and PZE NUM where NUM is the number of argu-
ments in the list. The arguments include the display number and up to
six variables to be traced. The proper calling sequence is illustrated
below in Figure 16.
This call must be the first executable step in the program. STEPBY
uses the return address as the first address in the octal program it
swaps out onto the drum, notes the calling display, and saves the A,
B, XI, X2, X3 and flag registers and the original values of the trace
arguments.
13. STEP1 and STEP2
These are the two entry points for the main processor in the step-
by-step mode. Internal to this are the NOEXU (skip ahead one) and the
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save XI and A register
read in the caller's display number
save all registers: F, P, XI, X2 , X3, A, B
and trace locations
set up swapping pointers
save caller's program of the drum
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increment or decrement the P register by one. Then the instruction cor-
responding to the P register is displayed in the display instruction
register. The light pen is enabled so light pen changes to the dis-
played XI, X2, X3, A, B, and I registers may be made. I register
changes do not change the actual program instructions. The I regi-
ster may have instruction put in at the console and executed without
affecting the contents of the address indicated by the P register.
If program changes are desired the appropriate instruction must be
entered in the I register. During execution STEP1 or STEP2 swaps in
the saved (by STEPBY) octal program, and executes the instruction in
location P. Before this execution the action of the execution is de-
termined and if necessary the next P value (P 1 ) is calculated. A
transfer of control instruction is stored in P' and when P is executed
P' returns control to the step-by-step routine. The step-by-step rou-
tine returns the original instruction of P'. This sequence is only
necessary for a small class of instructions that directly change the
P register, for example a branch. Most instructions are executable
by a standard Meta Symbol instruction (EXU) that will execute remote
instructions by using the instruction address as its operand. The
step-by-step routine maintains control in this manner. The results
of the execution as seen in the other registers and traced variables
are translated to display code and displayed.
All of these subroutines are re-entrant and the re-entrancy is
expandable to as many display consoles as there is room in core for
their display buffers and all the associated arguments. For each
additional console all argument lists would have one corresponding
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point to the argument and is set up the same way the second display is
set up for entering the interrupt routines.
For further detail the programs are included in Appendix III.
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VI TIME SHARING SYSTEM EMPLOYMENT
The special purpose time sharing programs are best understood when
an information and execution flow is outlined for the computing system
when operating under the mutual control of RTM and the time sharing
package. The new modes of operation are outlined below in graphical
form with amplifying comments to describe the proper sequence of ex-
ecution and responses from system.
A. PROGRAM INPUT, EDIT AND DEBUG MODE
Input programs can originate at the card reader or the display con-
sole keyboard. The input is always in SDS internal code and resides
in the page buffer and on the drum in this form. During editing,
DEBUGS controls the paging and translation between the display and page
buffers. See Figure 17. The correction activity is controlled by the
light pen strikes (PEN1ACT and PEN2ACT) and keyboard inputs (KEY1ACT
and. KEY2ACT). Once a program is in the page buffer and on the drum
it may be transferred to the magnetic tapes and executed in the back-
ground queue as often as desired. This allows editing between runs
without read in of the whole program at the card reader or keyboard
each time.
During input, editing, and transfer to magnetic tape each scope
runs independently of the other and both run independent of batch or
hybrid programs in the system.
B. STEP-BY-STEP EXECUTION AND DEBUGGING MODE
Programs may originate from any input console in the system if
they conform to the proper calling sequence indicated above in Figure
12. The stepping function is called from KEY1ACT or KEY2ACT by use of
function panel keys 29, 30, or 31. STEP1 and STEP 2 control the
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SYSTEM DATA FLOW UNDER STEP-BY-STEP EXECUTION MODE
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swapping, execution of a single instruction and updating of the saved pro-
gram, if the display buffers are altered by a light pen erasure and key-
board correction. See Figure 18. During the execution of step-by-step
tracing at a display each display runs independently of the other and
both run independently of batch or hybrid programs in the system.
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VII, CONCLUSIONS
The resultant time sharing system is essentially a special purpose,
task oriented time shared capability. The computing system under the
combined control of the time sharing package and RTM will provide paral-
lel service, rather than serial, for these principal uses:
1. Step-by-step execution and program activity tracing.
2. Iterative syntax error correction, assembly, compilation, and
execution.
3. Symbolic input and editing of object programs.
4. Non-real time hybrid simulation studies.
5. General digital computation tasks.
The CPU idle time during step-by-step execution was the most re-
strictive, hence the first to be integrated into the package. Pre-
viously, the CPU was in idle mode (versus run mode in an idle loop)
between each step of stepping through a troublesome loop in a program
and could not service any other users. Shifting this mode of opera-
tion to the displays to run as an interrupt service routine clears
the system of this idle mode restriction and thus allows the hybrid
user to also interrupt CPU activity for service. Another user may
use the second display terminal for step-by-step execution or for
correcting syntax and logic errors (debugging) in the input and
editing mode. If the hybrid user is not using all the I/O devices
a fourth user can enter the batch queue and use whatever CPU time
and I/O capability is left over.
A. GENERAL CONCLUSIONS
Analysis of the general time sharing problem after an attempt at
a coherent system design impressed the need for certain hardware and
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software capabilities, and established their hierarchy of importance.
Multiple terminal systems satisfying the four primary requirements dis-
cussed below are capable of efficient time sharing, without satisfying
these requirements time sharing is possible but not necessarily effici-
ent.
A prime factor is a high speed swapping capability which requires
a high transfer rate bulk memory device and a very efficient software
transfer controller.
A completely interruptable system supervisor with re-entrancy pro-
vided for all routines where multiple interrupt-originated entries are
possible is a must for coherent, consistent time sharing. This re-
quirement includes re-entrant assemblers and compilers.
The third primary requirement is for parallelism in performance of
as many tasks as possible. Time sharing is often thought of as sharing
a CPU's time among several users because of the cost inefficiencies
involved in idle CPU time. The really expensive item in any computer
is the core memory, so it makes more sense to approach the time sharing
problem from the viewpoint of exercising the core memory to its maxi-
mum, not necessarily the CPU. This can be done by interlacing I/O
operations on high speed data channels with CPU memory accesses. To
push the memory, multiple CPU instruction and supporting registers
accessing blocks of memory in a parallel sense, through MAMS, is the
way to extract more use out of a "limited" memory computer. To
control and feed a system of this type the first two system require-
ments must be met.
A fourth primary requirement is for a program interrupt capa-
bility so active programs can be interrupted in favor of a higher
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priority request. The priority is determined by several factors and
normally shifts from user to user under supervisor control.
The more elementary hardware requirements for multiple user ter-
minals and I/O devices must be satisfied but are not discussed here.
B. RECOMMENDATIONS FOR THE SYSTEM STUDIED.
The problems encountered in the software implementation phase of
this study indicate improvements needed for efficient time sharing on
the subject computing system. The following recommended improvements
are within the above outlined general time sharing requirements.
A six second response time for the stepping mode and paging ac-
tivity is due to the RTM drum I/O processor. This subroutine needs
updating to get transfer of data up to the hardware rate, not the
software rate. A second alternative is obvious, that is use of an
independent drum I/O controller (similar to RADOP listed in Appendix
A) that accesses the RTM list reservation table.
The need for a second I/O channel becomes obvious from the dis-
cussion of Chapter III, Section 5. The second I/O channel ideally
would be used for swapping only, hence only have the drum attached.
This would reduce potential I/O stalling of the CPU from 100 percent
to less than 30 percent during swapping.
The implementation of a more general time sharing capability
would require a re-entrant assembly and compilation capability to
allow entry from more than one terminal. This can be done with a
pseudo re-entrant capability, if desired.
C. EXTENSIONS OF THE SPECIAL PURPOSE PACKAGE
The function panel has many open keys available for connection
to additional subroutines. Some suggested routines that would be
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extensions of the techniques learned in this study and could use some
of the subroutines are here proposed.
An adaption of the step-by-step mode at the display consoles to
on-line programming techniques where a routine is swapped in, executed,
then swapped out is desirable. The results are displayed along with
data groups to be varied. The on-line programmer can then change the
contents of the data group for a rerun, and start the cycle again.
This could be connected to the graphing routine and used in much the
same manner except that the on-line programmer would then have graphi-
cal results for evaluation. The graphical display could be an option-
al memory type where useful graphs could be saved and unnecessary
graphs rejected. Another linkage could be provided where one scope
could be used to drive the other using the graphical and on-line
technique outlined above. These functions can be swapped in and out
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Stalling percentages were calculated based on the nominal word
access rates to main memory for each peripheral device and compared
to the memory access cycle time of the CPU. Calculation was based
on the following relationship:
Percent Stalling (%) = Peripheral data word memory access
rate/CPU data word memory access rate. Example calculation
for drum Stalling: (%) = 147K/572K = 25.7%
Averaging of large amounts of raw timing data was used to reduce
the data into useable form for graphing the transfer rate characteris-
tic of the drum. The experimental procedure was to time a continuous
swapping sequence through 100 operations. The swapping rate was
based on a read onto the drum and write back into core operations.
Sample calculation for word swap rate:
07777 = 4095-iq words swapped in and out 100 times: 14.1 sec. (data)
14.1 sec - .1 sec reaction time = 14.0
14.0 sec. /100 = .14 sec. average transfer rate in and out
14 sec/2 = .07 sec average transfer rate for 1 band (07777 words)
4095 words/ .07 sec = 58500 = 58.5 KHertz word transfer rate.
3584/ .035 = 112000 =112 KHertz










1 14.2 7.2 60.0
2 68.0 7.2 280
3 78„7 7.2 400
4 112. 7.2 600
5 151. 14.1 800
6 195. 14.1 1000
7 237.5 14.1 1200
8 277.5 14.1 1400
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The following table lists the ASC II code used in the display, the
SDS Internal code and the corresponding symbol. All numbers are octal.







































































This Appendix is a complete listing of the subroutines used to
operate the special purpose time sharing capability for the studied




























* h * oa
* O »0t~—
« a *h c
« »zc
* u *uj»-a
* o # o
* *- *-*<ou.
* > *
« i- a #c:cto
































* «» to #«T_(— «1— h-
* M Cu.x Cxu
* > H *CC CD c.
* u_ a #>»-h >.kuj
* sc ~ » u u u tuna
* a **co</» *i/-
* a #
* uj *
* o »- #
* x ar •

















































U. UJ > « »- c
of >uj« »/> ia
c <>(/, a •—





























































































* •"' • • »H>4 • » » (^ •
--U 1 * X * -
• -* pg -jzc » • r\i-»mc s<z »~c o »it cc^c en c c
* —
c
oocc«-ar<cc—-xirxz c»- ^-of or>K ajror>—.x— z c
Uj * o— —iO<ia. jtu_u-u- uj hj_«— cck aioacu Jcc«*kmc n*, — x
St * vOX>j- xhV)i>» »>fO>x(\jx^-rg^>^->czuj>UJQ.«/- > xrvf^t-<N
* r* > >h H-cuj<«i(\i«i*'<^-4.H-c. 4UJiuOuj«2ZaiCUi >t<>i «t«--4. .j*#OOW*0«/iOClU^</«"*'W «/)U-<^U.U-»»a.St II StcDU-CStQC w v~ *-O u. <^ *• <l *•
*
UJ *^-
#»sjto a to >- > >-
* o-axr xa_:rz«iEa<a<zrczrD«DZD«D3->aja(i.a^z:-u-
* *-xa jHXXMKhOHfjKKaaxaaOxojtaCJfotaDUCCaxoo^o
#KU.Xer>-Xu.UjU O. tOcr^c/^jt/.tOcCCCtrcCCD—J*^CDt^ CC—J*/ CCCC -Jt_, _JO-J t/"CC CCfCC
• < < t_>
^^ pg a# > > u.
• Uj U. >











o a a or <M
t/> u u. --> X





o < < u Uj a.
LLI K X UI I I* »- u








K Uj a -J a */ a c aO - Uj u <J a Q. t/>
«l U _J u -JO « u CJ •4 <l -J c _iu o u. C Of a c
I/) t- a •—
i
»— z C C c c z
»— — <i v«a C u. o U-h *- r 3 3 h •"
Q I 2 H z mm. -J »-
Uj ZU CO z UJ •—
«
UjO. v< a Z U t/
C ^« •-- ^» z z zz u. c O-J*- c-
c t/> >z •—
•
z »•->*— tr c <i < <I_J




» • u. a •—iUJ a
ac or cr u. tr a. UlK Of 2.C c~ q r*> » c u CO K z a etc _J<1
— z> x (T\ u. cc ujc •-— u. X<lt- o a
a.' cm X «/* </-z a z z u —
>
o </^>- »—o




C a. cc c a ^- Q «-i •— »~* _< <i u cC a a.
k »- u u tr —)U TZU <• Q
U uju. o z UJ » u. UJ LL rit-<x a
•— jt •— — «a a <ia M CC »-- Lh u c
<j Z »- C KC —
1
ZU' C <3
u K a. *— *a < z «aa. u k a <1 c eu. Cu
*-• t/^fc-> C e oa fc— "j •— o <c «T
it ^-* <i a •— CUi * a y a
t/~ 2 (A. 3 •* </^ V
if r*> IT
1/ K «/ »Z •C> ^ ZJQTU----J—
.
rc Q.cstoc>>*
cr trrvj<cco<^ u *
si ir — rvji—
•
—*\t
—— • *- • • i
** «cc *>c ct-






l + anaiaii f\iif hlaxu^^uu-ZuO^ahHir} uju»Oh c^-3S3r\jZa >a>ax*iu-
co.*»»u.aou,i*a^ u «^«/ kz^-j^-i-oo-' h ao^—i^ttcJ-o^ot-h mc^ci/cu-hc
c
cc »c c r
j»ujfvjCKi/>rr^ii
a —
> ^>-2 t-St-h -^
If K CC l/^ Z? */ 1/ —^ C QZZ c i ct > a 2 <W)U.«4
LLU.'PnU._^C^C-JU(_iO
> > > >- >- >>>a. C
— Z — Iu.r<ZIa cca.cc*^>C3o.ujr5CwCC ax3ii~<a<iUjraaai/'> _jt/.<<4<iS
uk0faseacyttGwCc;»-aaCJ(a.aa-OCo ^aOL"c^ocn.'-,»-Dji- o»-cr
crt/cccct/cc-ju'cr o 4' o-J»^> ccvj 1/' cc J a i> «_ _jccc^cc-jl^--, i' •ectjcc—ic>" _;i^_Ji/>cr
' C>"0 U (X
























- ^4 %T) UJ z
X Uj UJ <
UJ UJ O







a V/ a K -J or







«/) z v •— i/ < Lb Uj
a. •—
•
or za o OC or -
UJ </> LUU ouj UJ UJ «A
• *- CO OZ kcc •"-- H C
a uo 1 a uj u«i I-OOIUQ. ViO z H >-
u. M hO ok < » i» 'aDui KZ a o CD
a a IS < XK ec> ujnooaa tua^ 3 UJ O
Uj LL u. I*v *-U.'<K zoiut- or lu -ir>-j z K K z a
K >D a K >-azxz •— o. a «/ u i— cca_i UJ Uj a *— UJ
o<ec i/> »-3«-•(JUJ K u-»-i^o<a»— X a. 3 > K
«J _J X UJ»» Z -J jt UJ~OT szmzzuju. *- cor a «/*
(TO UJ or»~ Li- UJUJ h- >ouj »~<r«TLUf-UJ KOr • »-
««/) o ID or ar )aa <i a k UJ za U-UJ LL
X»~ z*to C2i-<a ' LL c c? or *— KZ U. •—
•
uc *-ozoc X« Q. C < u. Z~ *—
UJM« I a »-» •-H Ol




z I a 5 ^> :*
o »- »-o o »—
•
or * «/>





m>t>t r- • -< — rsj — — z—^ —k—i-^»< r~ H • •**x -* » uj » » *o »o » -*
*-j*r •<*> c h- or. (\j rri •u! ro *<j; oz>- «\i«j-*<c h- » k
t^*-^.- ««rvj-«.-»-« to—. —. -»r«- <«-x—.xer>—.x—.<z cou crvic —«z or»- a
IU.2.Ci •*T^'0 ZtT> LO fSJK K^-C>4 CLL<(\jUjfr\U.'i-« 2u-i^— **>-~*>-^. «iCT «
c fc-cn^-j^ » »>t u. » «o »uj »^rsjvi •> »>>v> »> •>Xfvj»^UJ0DeDom»<ujxujxrvjo.x'MO.
•- X>- * + OCgr^i 3>J-0+(NZU + HM«l^<l< Lf**lT»<l— 4-+ ZZ-J+>i>itK.+U'l/ +11
(/)</)(/)• ««»<wO«*K— II «*^0«— II «*OL~'Vl«-'toto «.i^wi^a^^ u-u-o^to*»^*u.*', o--«^C
>> oo>>->- >>-cc>->- a. Z
aDtL*/ xxaai^>aujro.ocaxDxa(tQ.a!D<a<a«zDDD3ri-DXuXu^3-z-3
k-xci-b aac'OJ^OJf a0300acu»-rjt-«jcuooo^ac ^xxt/aiorxccvjora^ao:
u LL-jf'orocut-Or -JCuwecu«^u-Ja ju^u^
-jo—'o-i<^ccccLL>LL.LL.UL otxccxec ccari^orct
K Zoo a ^-
a a < -j
j* js a xOH- LU •-•
- x o u.










a K LUCUJ - z
^> <J CUV, —
«r? _J u a < cO UJ •moa a
CU' a «ZOUJ P*
or • 2" < k
Z KK •-»- C <t x u z>
•— u. IDCO 0>-H> UJ za
•— o»— ctzco z o •~z
V)
—J a --lu -UJZ UJ -j 1-
t/>— o -CCC_jZ z~ z
UJO UJ K-> T •- o —I OLU
ce< > < _30O_j UJ O -J UJ>
C_j M a Z-J ZhZ >U-K V)*~
ou. tr u, CO z—
z
hOZ LL <K
<l 3 K>- *-CO U-/«—k "— to *< o eto
•
-J za K«— Z K r>K LU<
*- a U .— LLj <lt_ -k:l jza a. c
CO • C2 D> o jwao OUJUJ UJ z acr




-J O _)•- U._/*~jtLU — \XtZ ZIL z U-*—
u-a CgU- O K a*- SO z >
>-e I xa UJO ZOKW OCOO c< •>— co<
«z oo KOC Z«UJWm i za oo- o etc-.
-j*- z oar •-o O k-CCO o~ V^UJ u UJ
£>K •—CO Zuj a x —ZCl—U c o z cc K *
i/>»— KK •—
K
K k cru cr tola: oruj»~ zz
_-c> m 'fc i K-« </>U_ a— or KUO COT J o *-CJ
CO) c-er k-j o ok oru « -Z3 JTO K c*-
LL. 2 k a«iu-Cj CL-O. II KUJ U-KCUi C Q Of oz Uh UJ ffUi r*M/, tr K o
Zt- K« zo «u aozcoi a.CD> x < z au.
-« U LL, — u O.*- U _*•— i/tk «i »— a •— __ aJC C" -J KK C uj U_LJ.it- UJ c- Of
_J 1 o Uj a: — u_CLL,a C -JO< a KC
<a UJ > — to K0£>OK- oar -J c i u.»_>
C?3 a <J cC ZC«JOZ u u K U c>












































O C co » » »v^ » o *Hr> *•* • * • » •" » * » » (\i
--Z Z-^<C^-C«J C 1 —O CM^ » ><\jrv.fvJf^roor f<>. ^-»--<o CK C 4-
•^- •—OtCu—laa.—. —»ir-»Zir oo-»tJf^u ^<\jro-~K xxxxx<x—-Jori^Z ua <_• o
-I- KCQ.U_0.jtQ.>} UZ^KZ U OOCsJU-K-OC » «trZC DttCO-KClf--<r>- Q.<\Q. itChnn^i_:_zi •> nij *vuj >>j-— »z—4<to.-<rg »uj>^-t >a.o> *a a__ xoa. cl _t o^
l/ c C-(**u --uju.ll.O<^0-CO-~ IT fii-ir^Oir >-oai > i (mI^^u^^Ujll.^ (\iu-U-----a luUwUj--<2
-f U *_jCK_JKah»-N«-h--jKNU.O II ~—JI|iy)*^^*-Kt/«AK OOK ql C0*.K C-5. U. II>"C*-+C
<ZDKi<<<<cc-LWa >a
_Jl^cr T Or C -J*/- -JO" (j _lc
- > t_ >- «1 >- >
. <-J^cioa«iX<hxxao:(r<o:<<a«a3-<i«<Da — Sjt-UHDjcuccKcc^tt ac~-3C-K»-c_»~CK(___oo>-c>-a.s_aa
.





























OCC aKOt i c
U-H-U. h-
«/>»/)? »/0
LL UJ— i U






































Zxxxx_j<_>e ct o * -t-orttacaaccafct aMaaaaffaaaaaQfaaaaaaartrDfi --
taCLCQ-Oa LL<. JtCi ZH O «X<X<<<t<l<l<l<—J<£<i«i«l <l<l<}.<r<<<l<I<l«l<l<l<K<l^XLL.CL
xx >* >i^a»JffMaaaaaaaaaxaaaaaaaaaaaaaaaaao.auuj^u<
*-U_<l LL<1Uj^-UjUjUjLL k^OU^UJUJUJUJUJUjUJUJt^UJUJUJUJU^UJUJUJUrfUJUJUjUJU^U-UJUJUjUj^lOt/)^-
u.*-<s,h~*rt--JCiW H C* COOCOOCDDU.COOOOOCCDCDDOCOCCOCCDZ*viO.
K«««D<DC<r33r:3D3DDD333D3DD323D3rrrDDDDD22l-l-K
a.o*-c»-o»-aoa <Haoraaaaaaaaaocaocaaaaaaaaaaaa&aaaffaa<<i<
a ji^jwjv er—iec «/ ffccirccccecccccrcceccEccecccecajcccrfftrtreCfrccerccflCtrcDffcccDCC
UJ
- uj u>cc
o * a— -*






z -J UJ -1
<l _J z
c
u. j* z -j a
ore C£ pn





UJ oz X o LL to






z a c X
LU
u K-to LL UJ V a
UJ z« Z V- LU v.
\r •—a -J c »— LL LU K •"
^ OUJ
_J z -J a ec z
a. a ~ <I a c ~ LL
LU o LL c o u o zOK t/> UJ < o •-
o UJ CO or \A z -J
z t-ctuu *— LU < UJ te-O LU
*— aiuz K- a a or z _
—j OK •" K- z LL C KC ^k:






u. UO£j^ a. —
'
LL Lua KCJi—
KG U *-• »- a u zu
UL Z h- LL uu LL < Ot- LU LL
— »-•»- C> «— a. _J »-z **•-
QC UJ o h- " t/->»~ LUO
a u llq. a *- u- O c a. llq.
•—
«
>IS)CC *M tr UO _J CO. UlM
^ <tzu^ li- LL <3 z ZOi(






























Ocsjcsj «t ^^o «fr cgfVJ • a » * *a • a • » OCOO r» » » r- • O U_'J*C J*LUC* > ----UJ xx o
o-*lc —i f\i«o r- «-rg z cv"Z(\j i/^az k o »c ccn o
orvi<\ir^trr-ir m » f- a or •—«cookz o.a»~ z oaomjjzoo
oooor»oor^-*or- **> r-oooooo<« x«*«tx.ciLULC2«rxr>
-uj ^«f<if\jcnc^uj--»-'
» » » •f-^<fifnrgOm<\j *olt-**- *.»»*» •*-*--=•- + 3u •~j*+LL3^ + j*c*<,r>jjjT+»-^:s +OOOOOOOOOOOm«(M(\jOOOOOOOOWl/ I LL«*U'>H-J»-«*K-l/r<U-«*K-(\|Ot/r)V *CCK* II
c
:ar.o»-a a^-iuc»-aac*ac
icc-j^s ofJ ja^i^cri _)</"> cr —J
XX«Q?UKKO OC U- HUi «lZjXX(£iLJ V)*-
LL LU LL b_ a. U- LL C K2.CxQC.ZZ K K- O- U U a O. — Jl/i
>>>^cn*-^-cC Jt-<1<UJUJU;W</)XIIIXC ZX





























































>- a cj coo *~ O
o uj era j or
^« co U- euro O- oc •• ^
_j co to k<"^ C ^
uj Z co





ll c_ a a k fO*—
o u. u-c zx_j
<^ a a zuj ozj
«j •— — ~* CJ^--J
_j _j uj or o •-
< z or. uo uj^u.
c »- UJ \~ ozu-a _j»-ui< — uj Ci» . ; uj
k rr> * z zuj a Oco - co tr>
•— rsj CUfsj^*— «->z o<j or<\jor _j^- _ or4 Uj C O Cuj j ZCUJ
»- > KKU-Oor u u'or
— o coor.or.cj auj icu
Z > c cah ca Ujjt»-
.- CXh co h-C or
I Z'CoU.Uj ut~ OOOl
uj t- or oa ujco Ze\i»-oru'coau^-^or a *
co - or to h •— - co
— _ ro—
«
—t — vt or *
• »
-*r- »«-ir„< .-••-< — —. — ** — ll a —
0<\l ~- »NC1hiKSh Ii—or •*»- »•» ^t* »-< -* » -4*0-U-»
ux-tni.'hxiAavDi/.«e •uior^uj (M-* —i •«- •+- •»- »v- o.f\ja.iL
u_, c <n -2 _j r- ci a J a i ir -jo a ll r- _ cc C >-»-cr-* K*-a«- K-Ka-* Kh-a—<«. a—.
z^ •zo>->3CDO^ •»co^Q. <j^4j_j^cocof>jco toa«-m co<x«-<m vibmW cooo—r^j^^^^o
-<if>->0<ia>a>oOi-3<i«iO>+lJ 4 X oc ^- 1—co^ t-i »-io fO <^>•—»—Ofo <•(—»-, cr^*' ••-»>JW^Iu llVC^C^C-CI/JJa MO*** *«**-<U.O*OOu.C» OOU.O* OOu-C*0***COt_j
CO
> > Cj a a a
<<o.<<<<«t<^x<<a<«i oxzr«2<V)Q«iwo<<iv>c«iwc«lecxc7











UJ o o UJ





UJ o u. 00O









a Uj ^ »a
o o z -J 5 3
LU <-> N- a, <K
W> -J «/) aru-icr
< o •— eor«x
a UJ _J a C _J
UJ »- at _J a Kill
a UJ »—i z UJ Ol<
o ^ K u. -t *- K auj
z a Z -J Z hOC
•—
•
or •— u < «/) *- -c<
-J u C «/ o LL C aa a
—
1
¥~ a «J CO o. za
*— z Or Ck< •- »
u. ^* Csi UJ z CL CO cu.
X «U'i/> X U UjZ
u. UJ u. z oa
M- a u. - a*-Uv u- U-K
c K DKor - llku
Q. K < a -
:
:c ^ CZw
«— t/> o fc- u-'Ok o <UJUJ







— -*-* »(fi —
i
<\| mt \f ZZ (\Jf\J
f r^C C2U-X C •> M»OH l_>>- *C - * • a a
• »z ^i^vac—• —uuj r- «/"«</>«-. «-.m<ioujo-*or^-* -mm
(\lO-4 0</)</>_JO
> > > > > K «l «* «t «1 *i «i <l«*
r?xr3X2r~ «<Da oa<z: x<.<x aca x<,n-<ar4>- K -»—>- kiuuj*-*-
c
aaoa^a<>"DKttLicc>-^a coko ucoacHacua o<<« <<<*"*• «i«aZ










ft . # 3 «"
ft » a *
« « a. Z# u <i
ft * K -j
• * Z CD
» » »~
* * X •
* • H K LD
# # or • • co >- >
» * Ui CD K »-• 31 »-•
• * CD > a -J K
ft * X «-• S Of <->
r> co • at >- "J •<
* • z r> »- or < u. ozft* _jQ.UJ.jLL •—
* * >• o _? h o. s c
» • < z or z co cd ko
* ^ - a •- *-< k
« « a. tu c-. > a
* * CO C- C < LUC
ft * »~ © Z OC U- _J K«
• •• C <N -* « O O. Z—l
ft • * CO I C CO _VLL
* o#_j -• o«oco »- rvi r*
* <v * -i 30 a > z o <_»-
• >— * u aa • uu ll v c
* ft o Z< c -j x —i lu u_
1
• a » »-o k K -J c Ceo0#CJ i~> t~ K O •-> Z «
» u_ * <t or tr o o lu u. >— on.
ft * co Z cD CD Z Z 2T
» LD ft r* «»* or Z Z Z O K K C1Z ft O < Z Z U CD LD
• — u. Za ll C O O Z co coh-
* -J * > <U -J O <J OC CD LDUJ
ft ft «L CJ Cv 3 O- Otco









ft C # f^(\J
» C CD * -4 - •
# > mJ * -*f\|fO -4»l-I-*— »»- -HIT tr—*»?•-
* Uj _j * •»»» » » » « nj • ioO O "f"- » —* —
*
* * «. * — (\jro_: c -* >u>uac»- r-c»-o»- o^OfvjM^ * *#
-£ o ft <xxx< u_z O — Of Lor Cu:JO f-OCO<C-» —ro<cooxr-x-»iA -
# * LDLDCLLUU —»** * -<tD—JLD-JC CO- r^-OcjOOU <\J -O.CO^ CJT LU t_
co * >>>></} eDoc f- •COQ-CO>OZ-. «--.-^co< - «->j-co<i .— >.-*> -o I




) (OOC r coo co o - -«cn^ » f o«^ -4 0 1
- «iK- (\jf-i—lira _j> it ZLuOOooa >a r^u it 1 >ao<o<o<ii-v
:-*HCO-<0 n —--J* X#LUftLD W II IICOCOCW II v *COCO II CO II COwu. M —
•
ft ftls. «1 >- > >- >-
* t&<xxxxaii<^i(ca«««3Kxx«saocLX««i«a<4<
* * to«A«/-c^ccci a—J—Ja co^.jct.jia _jc tua. -j_j-jco^ o«iljcc —j«/"_it/">.jc^cj«/, _jt/r>
* # c
* •>
* »UJ -< o
* •* X >





















a. ^« «o CJ

































l/)Z • » * * » • 13 -iht-KOt-K*
<•—Uj>ZZ ^(vjmosiira-^ootf uu^-^n
Q. -JOT LL'OU- XXX>-ZUl^U.O«KO<I<OIT
a arx aDeD(T4>^>)c(\j(\jen2 <-zzm>*>-m«« —
u. o* llluujX^uiu) oo—zoaaoy * ou.u.cooo-cn^ o-^o-ocooo^ohcoc
<
U.512 «1 « ^ «h(i<i2 •— cH C*it-<s>- >-K«i^K hK
-O^xxx oooau->OH«aa4aa<aa«r<i<L^NUjKUi<ic c«t'C'C <ccc
^-jvatuu'<«J-J-J(r c?u-«xc<rcrcer crOcrcco ecixQacaac «/ u c ccO Z O tX'^CT U?C2 C (^ ro
-J •— ^ ^ t_>a ^^fMrn oCf-Oac[;?i/<j2k.>' ljxx
_j iluo oa. Li <»xxxju ... i: c.u'/'O^u o u •— - C u c c
C- XaLuj tJU- —j*/ u_u-u.u_»— _- l^izauct^'tx^Li:^^
a U.UJ—1V' —jv> oc >>»-jc ua"u ^-zz«j ^>>*-c —'«-« *;
< ixaa >> zz <<<<u.'< o^HQu-^-iiui/'viaiiiff jfv





















































































































































































a. «4-5 - it---w » r nru r LT»— r~ ""« m "r— i r- *. r- ~ i m •
> z_)Z—jz —.zlj—>t^-*a <i»Njrc»- <ic^r3tAr:t^v >c
*I+L>D>; iOZ«-roiu.X4 icxor >a >a»-w«ia>a>aOZ:occ




-* »Otf UjCJCiQ U.ONC
a a a a of-~Z3or- a
_


























I/O »_j K c
•— #Q- O UJ
is #— a. a
z *o UJ
•- z >O 2 Uj Z
o c u. a
~ a or o
cc U <_>
k LU t/" tn
U- CJ U", •—
•— _' U' O
_J U. O OJ —
CL — — <3 h- U
— u. a « c
* Q. Co
co *- c a a









* p4 —I C * --
—i — — _ _ a •> » h- »— a »
—* —< » p* « ^* » • liifO LL LL KuKLif'^^C V> -" U. U.
*+- •+ •*- •*- »^<NJCL «*» — I3(N|— ^<v.<o »a:^5 ««0--»~
-»-&<-• r-Ka-* KHO— »-»-0C»- O »Ck ITIT LU fVJ CT Z CC -4 OClUO «.«/1«3 ff C OO.LOCT
co*/?cr«->m tnen»<c^ mott—m viai-m vi»*«<\j •>> *iui(\jn<ui<i')aia<r z << •*.







































- %«. • < —' - M- ! • — U. ^ I w ' **. -— 1-. ^ *« > -*» \ M —^ —Wh IhI Mb. « %J 1 -. - -— - - — — — _ « -» -» —
—
.»-*-Cjmo »-.*-.cp^o*-^-c^ <£•»-•-•ck^s: 3 1 rsik-ifOi^ 4 1 u,u «. 330«
t/-C#OOUic.#OOt^Ci* 00«/>t_# 0<\j#«^l/r>«*«-.LL.*'Z»-Z*»«»""
#LL
C C C C O >> «»*>
^o«i^o«iwo«iwo«iw<xoxacac<c:2«i<t-zr3#2iu
ac»-cuJCKcu-JC»-cu-JOKou-iKau.acccu c^cao^ao^^aatUN










































































IT >$ CC • -- -* K
Oir\-- -- «* — — u- a » » XC
or*- » — -* •• -* » —• » a ujm u. u. kx»-x»— uj z:
Of*-^ •»- •»- •!- • •*- Q-fvJa •—> —• Z3<\J^ c/OCOl^C Z CCCC
or-c Kha- »-»-a-- »-»-a:-* t-i-cc—* < •o.uMru.'fvJirzcr >i-icriair r:zz>
~4mm»tn totr«^m i/>ct.—m t^oct—fn voa *- f> jk-*«cvj *> »xuj2.Mm^0303(C z cr-Jct





oocao^DUJO^cuJCt-ouJOKooJHaaacoou c^ora c>-ao*-a ^o>-cr























U i»— <J an Z
o a _J UUVJ C
VLL Li- o a. k«
0.0 te <I z UJ
< T -J Z ^-0 z




ace K -J >
- c; z K UJ < <
"*i/> UJUJ CJUi CJ «( UJCJ COUJ -J
u« OTK <icr »— CJ C5 -J> O
«i_j C'UU a.«i K C' <»- c *— V.
or KUC1 o « -J a u-t-u'h v~
KU. ts>a< U to ecu o
*« aaz K c H t-u.ao«i
c O. D O UJ _J UJ u-otr)¥- c
<l UjO. U t/> t/> </) »-U) z
a. U '•— UJ K or Uj iluj <





.-* ** ^* —i if -- — vt —i •"-• zzujUj
(£ »*ri • » C O ^* * I »^* * IT ****** —*•* fMCsJ*-"*—> * *
eccZ^?Z*»Z2' cecocotrt^Zi^ •»«— »-»Z>o—-r— ear <j --rgr^a^a: —i<\j-4^«i«j «/•Z3h u-^-Uvir^-u- DZ3zriut-Dv;ai^tf\t-icu.NNKac » •*-a«t aaCCacx •-JCOOO-J *OJ CDcCJtCUD^JO* *OC-£ »hXK «/l~**J-X»-Q. «KlLU->-»- -J
>ZZ«iZ20Zr Z>Z>Z<ZmUi^UiOZZmITOUjXX^ IU.XUJ — »-KZZXXOO H-
cOu-u.ujS.^'UjX. 2wjyCu.ujiici —-u-cc-j— n #u*«*«*cu-co i o«/)</'»-«»—ujUjfM<Nio«/.
•a
«C<iLaa<co«i«««rKa<>-<ax<C<xx«DDi-Hiuiu<Hh>-wio<i-
D^-aoxac»-aZCHa OHoi-Di-ao.OKQ.coccaH-a aok a «rv.^c«<<u.u.c<jV'X
-jtreru^ec _j«/^er-Jf>—»«/"—Jt^tcxe>»^3f joj-'5 */°ceat-j</>ar coaa cccao; cC C or i3 O w^UJ U-' «i«— <\Ja.
cc Z? cl«/ _j a <a<j<ic
u- a. z-J-2^- q. a. a. *- a a a. »-C Z JZIU «t-xi->-^O •— >•—>«/> JJIXUJKXV1)-<
*» u. i/iivii i/;wu.Dna*^
126
* »« * X I
# c *~
* # ~*LU O
* # H *M UJ
* * za x a
« * luZ) a
* * aa c o
* a uj i^ o
* « ru' »- k
* * c»- a. uL K
» « OfZ =5 =30f O
« * u-»- or arc X
* * a a* (^
* « vuj u* ui e i
* * a> k- h-z <uj
« # K« Z Z«~ JZ ••
« * ZV) *- «-"Q. LLC o tr
* # uj or z-«
« * lu >ac u>(— ou »—x
* Uj— > <C ZUJ ]Qt
* * K ^ _jU-Q ^tst O UZ
» # «>- kw a a k zx *•-
* * U« Z ViZO ff" •- » ID ^*
* * «—_j •— » •— ujjt«3. ciu az a z
* * ca OM CO O UU> LU H-O
* # ZV) O-Zt/ ZOLL •— OOl !/)•— O
* * •—*- UJOOOIULUK Z»- uj k Z ~
* o >a<zzo.KQ- luo Zi/<klu^- or <k x
* * o a „j*-.— as* a< Zt/ooo *uj •-
* # *-a h-QCU--j_jo^o' — ^-ujo o ok lux a
» * u -cc Jjujiraux »-h- o-o uoo r^o oclu a
« * »til uJLL_j<<zoru'K ic • oocn or< c C?
* * -1UUZILKZUJ cic iat-u-o H-CX (~ t-
* OO <NJ»-** mkZm> •— «/>«r ko QCLU «/*< </• i/-
* * < It II LUooQ-Z*- 4 JIJ •- Ol- X LU LU
* * —J(M Z(MK--H/) •— «<«/! LULL jt CO U-O OL a
* * ax luxlucdujuj lux luZ << to
* i- * a ^)<o;aiL> aoc < a <
* O # K>- K-UJtoOOX O Z ^ OC
» <1 LU LULL' LUOC»-OK<«/» KU."- C X LU
* rsj Z * toco to D<«/>»/i tr>»— I -J o
* Z •- #





# O LU #
* Z O <\J «\) f\j
*<•->* <\j rsj rvirvjfvj rg » pvjcm rsj » » rg
# > * * » •» » »(\J(M • C<N * * <NJ »C CPsjrvj •
» ac * ** tv jzo » • -* z ac * ca»*a. » -*
K uj * -*o cocDLua<cr-»x -»- cct — —» ocdt *j»<rccx—
.
»- * O V # 0<N f\jO<Q- JXLULUITLU H C CJJ* X »-> jXZLuZU.UU.-m00--V) # < * iCK^ XKWIZ» »>^<^-XfVJZZ > • ZLUQ.LU>>^ »
* » »fc-MU ^^ Z * K->* >f^»-*CLU<.<.«-•« I CV' LULU«-"M«1.U" f\JU-0.^-0-«i «i«iUOO—«_J(NjO * Z LU * OOW*OV OClljO-VlWwlrt || LU—<^O.Ci- II (MWOa* 3t* t/:«/;O0w-# u. a. *
* »- *
* X * LU LL
<«.<44« * C * ^f"1 K. t/) > C >(£ >KKhKKi-o * *-< *Q.ax3axa33Z<(OCL«<zl!<<cc^<a</)c043«ai4a
««i<«z _j # «—aLa: i^xxMhi-oi-ct-^a^cDaKOBi-Dxi-DccuCCCCOClu * k-ll xarKXLLUJLuQ tnu^ui^jt/^w <r*^^nr.^.Jt^o—J*^—'tui/ —j—j—ju
* * o o
LL *«I <l
Z) rvj * — (ni
ec»-v.»-i:Lu *Z Ziaxv»u.> * #lu lu





_) • # *- # #
a <o # u *
^ * j <j * «
«~ o « u-i « > «
o < Z f> * < *
u> u- « a # o.a #
Z * 2 * v *i *
•- K> * z « «-»o
_j uj « o a * o «
.j «/> #»~e>a »uj#
« uj # k o uj * uji «
o or * u a »- * i>- «
z z o o k
u. •» <n # o r « * o #O m zx « »- u. a. a. Oh-
fNa K- Uj < * t- • #
«J Z XDU •- UJ t- I • Zi/>Z *
UJ UJ ^Ua in X to l_ « »-ZO *
z a. cu.(_ ok a«~ *
«x x ujoto a « vuj z c # «y~»- *
a- o h- r: s toz o c * uji-D *
a. a »tt a zo — «— o * ca>o *
Z u. n-ec uj «-a «a_j »_ O * -catu *
o ctauj »_ u-t-uu u o # uj -x *
•-* > odk oinz ~»-uj "J o azuj *
k a u-az <xCw «/i«/) ock —• • u~
o »- h-or*-* o *-*-tn <r cc»— O # CIj *Z Z iCUJ <OK- </>UJ(r C- » OfK« *
"Z u> ^«kuj XK'Oh-u-'XUj uui «c * < * «
u- za ozu/t-uh a o » o »cx *
u. uji-o or ^-or o z ze o ujo *
uj •- a »- O 3* au.au.< Oh u> * UJOiZ *
-j Oat/) v o o»—cl^- •-.«/) cvi # X< #
CC O. h-«UJ V)~0*Kh O* KH-O
< «~ </)UjOC Uj a Q-k-Q— «-C sC Z
Z SC UJ„J O h- K»—0«-> WV)Z O * ZC< *
ui </> ero o «/? ^*Z¥i/)Oujo<* • * c«f #
or ens i/it—Z>a < lir #
a — * sc: c.
o * uoa *
Z IT, * U-'K<O in * ozo *
•- c * c *
t- nC * Uj _J *
o r^ r- oo * * ok o *
uj «-i-^—< Kr o # </ a.— a *
<N(N <\Jh-(\J> a i-i in • • * kkokin * o. 3 K- #
* » »^j •»<_> a ^ » — «ODO Kh-ONM * s o«/>z *
z> in<—< c • c t-z -JaaZK r-or-r-o # ' «^u_o #
uu Ofvjo^- u> ^—»a k a^ \- Ht—ar h-or-r--»r * t-u #
U *^* fNZlNZ XiNJtO 0'**<-J MlZZK h-h-Kr^fN * <J^- #
cccdoi*>xujXiu > •>^-ir>x^o.x r-i— uuj«— q. oooor^r-r-r-o * aa *
zz- + >a>a <itru>0 4^ouj»-^oiaaCLt * » * »ocoo* * </-jtc- *





a *.> <. <i<k<i<.< «j. * sc u <x
r3t-3KuX(j oa«rzuj3wWa3Ci<t-DKhKKh»-acaahc# wrm
xxu)(t2ala JCO^ay>:aaa>-xahQ.a<«<«hK»-h<z# aoror #
u-ujU-ccXerxer o—j^/cc^^cCcd-JU-UjTvx ccDCCODCa.ujaujCUj# *# k »
^- ^in —' _j *
# Of OC^<tCLX K *
* z ivjinxujUjUjU. u. # *
# IL. XX>>»Q. •— *






< HHX a a a CO
eoc z UJ CO
U. • a O-Ui •»* O. U. UJ
o h- O a3 7D7 a CO a
CO o ~»-«~ c a co a
»- 2 2* u. ^K K 4
*M M UJ»—'UJ UJ X •— ^<
OD a a >





CO UJ KCOK K «3 «$ViCO u.
ZUai/iiui/i o UJ coco U-
K zil a uj 4 ac -ID 111 ~<
co a *-U-l/)C|~ ct <or a CD





> »- t-coa V LU2T Uj<< ozo
< a IU Oc> OCX*— a 2 «>— LU
-J
*»>. I U-CU-XcoZ UJ Z»-<0£ ct r
Q. a h- ooo<u. CO»-< o <I UJ OUJ
C. a. K a ll or u, <x X 3 KO«J
1— CU »- <wJ3CahJ UJ ucc </;<
COO I- 3 »-o irO ec u.o *-uj ac 2_J XtrO z CD Z ILJ OCDZ CJ« ^_i n i
<«Uj M —>aa tL^<x z
ocoofC^ co< o »- a 3-IX -J a. ZUj2 aoo
U-K -J mi UU.OC Ui^-coX < *-o< zaa
_J m <J a uoa jlujo o o *~<<i
-JO. < u>a kO or CI(- ou
-O a C;Cff»-CaOU. u. a 2 -
« UJ < « z ec<rco»- *- <or 2|- U-
K ml UJ ah^z u-«i ova UJcO_
k a CD -j i±.h-—cnx a a. •~o IU
UJ< < o »-wa uo^l«- ^* a ujh a
cok V U- <¥j* l/C* * <TC Qt<l^
lb IS) « CO kl/lOk«H|/l CO ujoa O-J*








UJ z o — —cor- •*- o
*~ o —* iruj«*u-r-c









cz ro laiai ouj
I csjuCC | xa>a>aox<«tt-s's < CsirA ll' «jO*-Oo Oi— I O- »| O^-o CSJU I X >ot >aOX< <4"OO'a-h co^O It «- —u. II O H 30 II lO**DC*"# IXO* II j»#u-<*UjC«/.C:COO U.U.O
< a a
K. ,-aaN.'0^oao30i-iCj>-CDC»-aDK<aaaaa uxc<a DOOXkoc —j^-cno^c^eto-c











» V. * UJ t-
* *i * X </.
« # »--J»-
* Z * OO
» O # Zaruj
* «-• •-- Or"
* K * 2
« 3 t/>arv
<j * o • # oox
* Ujuj a w
u- * xa * onO # ujo # 3»- >
* o « t_
u. «a.i/<*u.ujuj<
> O * Ciua > u-
•~ U-2 * CO* f- QL
ui « o art- </: v3 * > * Ui". 3 KC
_i oo ICC _i c«O * <C XZ«i O ZUJ
z « tu r « 3<ia: z a
— « a * z •—• li-
ft a # uj cl_j
or « UJO * IDXX 00 «UJ
I » a. * x<»- I »-Z
o <c * »-a o z
* »-ar ez e<
t« * •« ujoo «/> «x
»- » co t-or k xo
— * <i <4Q.tr *-
«r * *x * _j z cr ulu.
* «/> * 3«/>*- •-»*-
a. * za * tah <x
uj * o r * -juj»- < a a
•a # * <u)oc U- •—•—
-j » x> oDJ -J *x






-* » < #
If* <\J # oco *
• cr * tu u *
rsj —• >c u -* -<••* —•
—• • r\i r\j(\jz -x * 3 3 * »
• u- o •» •*- z o • * — u_ — — z
»>-
—o uj-4- Q-o. »oo >- * ll «>>- # * 3 •> •».»-••—
ZOJCN Occ »-»r> -4-—"no—iOO _j * X 3 * <v> ecf—>viOO^^
-^-o-vir-ooo «i(NiCOHCCCOoa) » * a va * u-o CO»roOfvj<\j
c^^-iciz^airooozzZHH » —» at— * <^riZDCCm'-u,a i
«*^c^o ii o.«o3org r\j >-'>»-••-«-.00«c<\j^ i o-- # c # ou. II nmS»>30z» »>-o«*
<\j<r-a.f~.4--ni. or- • » •u.u-lL•4*^ I * ujZ * o»* u.e* +ac.*<£ *•* rg
•fcr-^r^^mz^au^ oozzz^^ •>
uj
» «^o ## cr *
X # 1-3
t/> >- «/> « x < x •-« * ro *u- o > >
rDaaacKixDH- o:ujuj>-xxc£ujuj_juj<v>c* o*" #K<jwo<aeDica2iw 3aa^<aooo>t~*Ho:<«CMr»'<DOOtVK;uiisiijjZ» uj #ao3JO>w03uaox<o
occcu.cco<Jor»^u ocojT3u o acujuju.a Q-CO-ofUJ* x » -jx—i-ctoo^tacxoujocc
u-- #»v-
o cto * »3coo xuj <z * »t_>
<_j u. u.o — -j X 1— * *u-
uj u.<i Z Z« -JCC ocx: » *x
x OO <«-' •-••-' UJ< or *U.i
Uj ujj* 3»0 OX o»- z«y> ##*<*
130
• • c c< c c c
Z u_'or» a • a- • or* or*C O -XU-' -»U JXU_ •JTUj JXUJa>- «i > > >C> >
U U K- K >i~ >-•— >*- <l>«— >•—
cczo.3 »-»- kh kh o-»-k hk
3 CO O 5d »^-c> *"*0 *"*0 ^"O *-*t->
~»—»-u <« OX ><I ><f U)>< ><
Z»- X CCS <«-Z ••-Z ~Z X*-Z ^-Z
>-oro j OO o <o 000
«j < j; art- uj<u< ff<ui <uj z<uj « lljai <u. • O. X _j -J .J O «j • _j
o ui«_rtr> uj y- \- zeo iuzcc ?cr ?cc czicioaat-^ a. i/)*-1 o« IO< OO 2"C< <o<
O OU.U K Ujql OK h- *>- CtK K
zct><_; _ju az cuz czaz caz u-az
a •—q. u^r? u.' -ju- uj»-o k*-*o <o»-o o*-c x«-"0
C v 1 <ui ZitH zoe»~ cc—a*- aca.«— Kcf*-U-wuO »- UZ "—OH- CUh l/;Uh auK UK
>a ri- < i) 1-1/ a </
a
7(/:tTa u. t/.a 1 3 1/ a u
^_JUJLLO Z ZOT Ot/>UJ»— OIL'"— O*- UJ*-> CtOUJ*-' <OUJH c
u-_j z o ^-h- •—oa uitiJCa 3.0a aca aaca
a>_iZ C-j u a> o *</'<-> Oiu o C a. c- O
c*-«jou a oc z tuco coiuon orziui/o z_iiu</> c uj«/> zHO~z uj ZZ —'uu_juj Uco-juj «i<r_juj ^*_j_juj q:uj_jll —
f^O »-— O *-« ZOf^-O *-0 XOC—C ZO'-'O O-0C*-C z
u.o<jt « a zcu. uiuu- i_u- zou. ru. z
u azoru uj ere •— <_> uj ocd uj u* u ; •-• u iro u. »-
a-t^— «o -j »«i o X—J X-J juij oiux-i u-icr x_j c:
<3lukg >-a uu-k"- tr-CV t-' •—CjV-' uxk*-" »- UJO^-•-, U-
*-a— u-u. < > cr >•— u. ^^_^-u. u-u. •— u. cn-«~ u_ ^-_j»_«-u_ cc
oca^- <uj <ijt oz jt »- 03 5 er-JZjt
orvijjTQ. uj tuioai^i u. <uj u. «-u_z u_ cjid u. jt<«- u. cjuj
Z Q. \ft ahZI <i^- UjK- «i»- aCJUi<M 2: X <a>- O «.•-• 21
«-aa?t- o •— »-- oez jt ^-k *-kjcomj( cr lu3 3 00 a ca ohco 2 ca uj ca 2
U. u. on U' aouio <•— o <•— Z<<*- U«C <"- X *- UiOa— «30rarK os^ C^ u- cs^ cc>- c^ k C^ cth
»-u _Jto
_j«a _iv) -Jtn -i\s
jt a
a c/> a' a
<nj »- rg - u
t/> c «/^ C f\J
t- a 1- u. Q
c •> c •• *-
u. o u. rvj oO t/j »<x: v >t jt «a »ct; v f^ct v u.y v
-*~* —t C"-OUJ<-« <-< Q (MPvJ Q Ofsj O —1 (\| O. OfsJ tt *Tsl Ol.
» • » Z »OU * **\jO m«^o C •*/"© o Mi/iO C •CC C OQ.C -^c
j»»- rg>-ro^« »-*$<»- rvj—4fn^- 0»-Krvj»~ okhimh- 0»-Kf\j«— 0»-KCsit-« o»-t-^^i-
ua 1 h +au.-oa I+ + / »0^- I * c^<l/ *o*~ I ^ C^- I * »C^- I *
a. K o«^cc^cujOv)>-o*''^^ct»^Ou.cC'«*Qt.<-' u.co<*cx:^->Ou.cc^a-- u.cc**(i-jOu.cc^^'a.-H
c c o o o
xx<aXffaxcuxflCfXQra^QDicaa^Q.c^aotKCi.CJ£ooKac^aaKO.CJ<aaa^

































































































































































































z o_j o z




u •-O LL u
»- O X-J u
U U \ — »-l:
LL CC>»-LL »—LU
or «3 o>
o OLU(/) LL 3<l
>- ZX <*»•- »/>
ir •-K
LU 3 ca LL





c » c •>
LL o LL rg
•or. v ^•3 *r •a. tr mor.
(M-- O o-- o -J-- o o»-
muo o •c^O O ***itoo C *Q-OHKM»- C»-*-(\l*- o>-»-rNj^- o»-
»C^- 1 / C»- 1 / •c^ i y c
o o
c * * o •
v llc oo or «oor io
O »»* HOC c »^c^^ oO O OOO »OC Of\j(\jC *^-C
0>-»-rsi»-« OKKfNJO>T^ hO< »vj<i-4^h.







Ou-oc^a-- LLOC^orHOu-cc^or.*- u.ec«aHOu.cc^3020«A h 3 i n zc «**»a —oll a_ o'-a •
K K K »- »- K
C O C C O C
LL<<Z>ZLULL<<3XLULL<<XZUJLL<<r:XUJLL<<3wZKKX<Z X<<DXX LULL<<XX LL
ooat o a^ooataror^'Ocataro^JO.oatoro^ocato xoc<or.cc:o.c>->*oo Niac^aaK










-o •*-tj •"-•OX C><! X
•-Z <»-z ~z
•K~ at-w •H~UO o DU
«<UJ UJOUJ <r<u-




Z*-H a x*-kKK CK OhK





LU«— OtrtU.'*- t/0 UJM
tkca «Ca f-iuoa
a u C-J u za o
Oujv z ujt^> UJOU- oo
U-JUJ <—a>_JUJ t-UJUJ
•~o ZOfHQ z ~o
zu. zou. ozu.
t-4 UJ
—Hj uj O^- UJ
I -J tr x_i UJ I_
1
*»-•- U'UJK »-' »- O^K*—
^•-u. cc>~u> •—'U-O*— u.
*>» <* OfXX
CC li. OUJV) u, KICO U.
«A»— zx <*- %/t •«.•"-•
oa. 3 OO. ll oa
<*- UJO *(~ X <•-
c* at- O^ K O^













c <c » » » »
o o aoi/)i/)
Z K UU.U.LL
o * * » »
uj Z OOOO
t— — • » » »
— » oooo
a uj oooo3 CC <0«C<0<0
(MIMtNJfVJ
COOCOOOO
-* cm-*m r- h- f- f*-
a. u.LLU-u.f^ r»r-r*
-» -4 * rviaooor^h-f-h-
(\J 1/> — O * » » »OOOC
l/J H- «/> U COOO * » » »
- o »- —
*
z » » » *oooo
C U> O • hOOOOOOOO
U-3 JA *OC V U.3 C—J K K » » • »OOOOir^«J -4 <4




DD-jOOOOJJ>0>£'>0-< * » »-i • •
0«/50 «^C f^VO CJ OV»0 lull • * * ^(JOO * * • »^^**#* »<r>^^ »r<^^-
0»-»-r\J-*«~ 0*->-f\J»— 0>->-f\l p^OO ** f\J-*»- NOUJUJU.OUUOUOOU<0 * •4' * »




c c o a «<i<««i<i<!iU.«D3IUJU.«OXUJU.«2>-D3«awKDDDK3KOa;H-»-Kht-hHhh(tt-HOOCO
ooxaaa^ao*aaKao^a<axHO'<<a»*x<av)aa««i«««ciLU.KKKh-
C-Jt^tEflcecao-Jfieccro c_j«^aroocuj? Kujo<rujujocru.> ccccccocccu.uujjjj
aauauu-" O
LL.CLO-t/)t/)LLCLLOC/!0 UJ
Z^t-hhhKKt-U.*- C CHooooooooau. - »-




* c * o o c
< § «t UJ • Co
* a * a a u. Cj«
* # »- or «a u-
* u uj z? o a or
* i i o a uc
» K- • K U. Q-XK
* • a. 2 C.K(/i
ZUJ r •- a uj
Oor # O or Zoc
» O OC Uj 1/1 OO
« <o * u. at- ? • C
« K * u- *- —UiUJ <r
« «? # < Z3 u. koto a
• 0«~ * K CC V C<1
* * < Or •~<_>Q- ?
UJa » «-> Uj UJ _J » o
» ku' « a u. ce
« *-U. « C C U. ILZC <
* onu. * z u ~ a>~a u-k
* jTD * «-• «o ot-a c1 "*!
* oc » o u. ok o
cj * < o o t/>:ra o
* k zo * uj uj ar auj zc
• i/o <a # or uj ar ec m •—uj
* 3L O * kj •— c u_ »_? z
r <-Jjt * a •- r h aor zu.
or «x c «/ o z cu-uj •->i u uj « u. uj •— au-x o<
# or— * u or a«A»- lut/i
* o # o k < z ceo
» VO * « *T U. U«7h
« O -Jf- * -J _J •— UJ HOT-- UJ
# Z UjO * u. — C ~H- ex
# ^ >— * o a. oc cj czk
* •— * >- _J •-> UJ U-<lZ'-
KID * UJ < * * Xk«3# u'sj * %r. <_></ u.<auj
O # O UJ*- # ceo
c or ato #
O * at to
>c 3 ujor *
-< * or qu *
t\j * C K * o.
—
4
O * «-*O KID on
• *o O O * \r.v\ K
o <\j o co # at * cO O O OO * DZ * — jTuj— ~--— a.
o •*• o oo * oruj * f-"^ »-* o -j-j *z >t * * v *
0'C-^ir«to oo o # tr » i^i » ^ u-£Et^«->K *o»ai-- a <\j
•^c\j-<o co uj wO idc a a-OC*->J-ic nc n
fO^-fri^rri^-o<\j«*r- •f*-o*'0 Of> # ic«<\j o<iuj-? ujoort— «r •*—or»*f\jm.~. o
• ••••••«r-« »trtO-* cvj.4- # z *-u- <iUiZCm>aCar\itf'.-C 4> •• >* *
oooooo--o-*0"-«oooo * << toaia*ou.aCu.fvjOK3ox^or:5**^a-o
* *
# oo
* orz4 * j— # t-
<. <Z.«<K«. * Xco uj U, O > CJJJhKKh K haKK<KD# OtD *NJ«3N<ZOJ^jZ<D£as:<DODZlLU.
u ;uj»-»-a or <k<<C-<<c<.z* o »ac»-aac^oO-ixo>-CQCt-oxaa a^-o.
aoffecKHJCJCu-CO ou * _j«/io: _J«^<3f _iu->or«^< jc</'-iu eccc aro C
z #o »-
a —J *- • or «/)
UJCU. ^-U)0 * * i >
CJOO U.ONO * »S i3
J* t~ k <j<uj caZK # *or or
uj - or o o<r <ZOH>- * »0 O
a oc k wjj jsu^xxec ****«**««- «•
134
c o C c. O c c c
o • a • Or • tt • a • or • or • o- •
JKUJ JBUJ JBUJ JKUJ JTUJ JKUJ JCUJ JKUJ
> > > > > > > >
>•- >•- >~ >•- >-*- >*- >^- >*-
KK K - KK K K KK »-»- \--t~ h K
^*o -o *-o *-o Mo «-o *-o *-uX X ><I ><I >«X X ><x X
~Z •~Z ~z •-Z •~Z —
z
•-Z •-Z
»-•"- H»- »-•- K«-< K»~ K»- h "- K»-O U lU O U O O •«J
<IUJ <UJ Z<iuj < LU <iuj <UJ <UJ Z<"J
-j -J C -J • -J —J -J -J O -J
zee zee »-zco OZCD zee OZCD zee »— 2TCD
o< o< COO« «o< o< <c< o*» coo*
*~t- 0<—
K
CO»~K a»— »- •*-K O *-H O^K cr.^-K
»- <- *-_ K CK K <k •-K
az aaz cxaz uaz <az U Q.Z oo z ciaz
~o ~C «C0^«O x»~a a~o x«-«o •-o «CO^«C
a.*— U.lO-•-, orza «— Ka:•— a*— Ha»~ U OC— orzo.*-OH IUt- «H_>»- OH UJOK o> XOK «»UK





c»-uj*- OOUJ*- 0»-LU*- OOUJt— tur- C*-w—> c
aa coa Ctt ca z ca OB cica ca
o »- o *U- o ox u -*m\. O e>«» o »- o ^u. o o
UiCO ZUJcO ocoujco z<u-ico KOUJU) zt-u-co ZUJCO orou-co z
-JUJ O-JUJ < _JLU •— a _juj coot-juj •—<_JUJ O-IUJ < —JUJ fc-
*-o o «-o XO*-C zo»~o Mlj. •—'CJ ZOHQ o «-o I o^-o z
u. ZUJU- ZU zcu -J u, z u. ZUJU- ZU. z
UJ c»-a u- UjU.' U- •—a u. UJ u. •—C UJ c»— a uj UjU. U ^«
X_l «kUXJ -J X-l OQ.IJ aiiaij OUJX-J «»-OX-l -J X-J o
-•-• UJgoO*-*- ~»_K — UJ »-•- »-<o»- •- UJ>»-»- u<t/ ui-« •—»-»-•— UJ
^"U. a»-« •— u. UU«1>-U. ccrat-u. •—ao«-'U. CCD^«-«U- O •-• i—U. U..U_<»~ LL CCC
ar -ITJ at »~ U'jT oro 3 >- COjt -JX3t K 3t K
u. o u. •-U. u. ujco u. JOU u. UJ U. a u. •-U, U. Uj
^»~> UjQCO— a O <a»— Lir«H Ct(-<1'- ox «l^ u a«i^- aO <;•— CI
>U- j* z»- O.Z Zh >u. 3t Zt-
Co. <l CO. Q CO. •— Ca —ca. *- co- « ca c ca -<
<*- co «r*- Z <l»- 3» *•- <m* at <»- 1S\ <^- z <•- 3T
c* e* UJ c* u c* CJ^ U C¥ o^: Uj C ¥ UJ











C»- 1 / C-.
U-Ol^Of-— Ou_cc
o. a or JE a.
pM —j o fNJ f\j <\j
co o ^ CO V t/'
K K a H K K
c c »- C C C
u> u. o u. u U,
CO *cc co •o c u-c; C; »a v: •3t CO »tt c«
a —4— a. PsJ-- a •>—
4
O. <M(\i Q. Ofvj a ^-fM O
o mcoo C' rou-C c OO-O —o rocoo O »tc<0 c f^C^.O c
CM*- OK-KfVi^- 0»->-f\J«-" o*-»-f\jm*~ 0*-h-(\)*- o^-K-rvjt— OH-h-fM^-
»/ •C«- 1 s •o*-« 1 / •O*- 1 f/ •o«« 1 ^ •C*- 1 / »C*- 1 ^
«*0-^OU-CG«*tt^OU-CC«*tt«»<OU-C«*«*tt~*Ou.CC**Qr»-»OlLCG«*'Or—^OU-CD^OT-^
*~ K K I- K K K
O C C C CCC
«riu-u.<<jiu.u.«-i u>u.<<3Xuju.<<3Z)xuju.<<r>xuju.«K^xuju.<<3Xuj
—jcoeccco O—ic>cceca c-jcocr era O-jcocccoa O—jcoeceoccacoc^/cccra O—iv-eccca o—jcocccco.
135
c








>- — »- »~ v.
o O **
«a u_ <ai X
•
-J _j 3 a070 2- CD Of C
«o< o« u.
or *-»- •»—»-
t- Ol- c 1/
ujO-Z <o Z z «/5X—O a«—
O
** UJ
K •- a •— —J a
ot- LL^K _J C t_
^: i^D lu,a *. O u
ruj- Okai>- u 4 -J
CQ z c_a _J
X C —x u v. u_ <l
«IUJir »-OtUoo mm
a. _jld l/-)tt _JUJ <
O^-C- ^-U.^-0 t/> a. ec u
rju.
_J LL
a a U UJ " c 2
Q-I-J cu x a. 1 _j er a - 3
-
•— h- «Ut- — u k z a
ex »-u. ^-a lj»-u. c <j «— c
u 3 a- tr s —i
</> u. 3Dt U. u. 2 < U-
—
«-> •— Q.K<i^- »— v_ •—
az _J u




c* e* * UJ *
















































































c u. cc ^ a hOu. cc «*
• C oz •»* »-<»- 00 ccj — v*
>- z >*•-»- *Ch- » u.—'^ —JU-^J^- • o-
C •— Q-C^"*—^h-O Z»- * ~Z *lTO O C'






































































































































































































Ch co •-• co
Z*I<I«— jt <•-









































a — (\. o
c_ »«o c c
•— ok - f\.»-








u -t — u
Cvc vJC cc
Oht- fNjr^^l f\J-^^-
*C »-- I + a + /^
c c
a a
•or i/"> •><_) c
f\i-- a o— a
mao c ^qo c
0*-Kf\J«— OKKINJt-














<Oll cr <^a •
C
2 lxix o < _ 2 a
ace j«^cr c o
»- >- K K K \-
a. c c c c c
a<<i_2au<i.<a_—-Z_:T3 uu.«-Iuju.<<ri aix<<i — 2aa << — 2 a
LcscooMioJccrcntaffttKac^crB^Q.cjtcraKO.CJtcra ^ccat oro^





Ht- « X *
*-o * »





u « u. «
<UJ * ~ #
_J * o *
^ec « uj *O* * o #
^-k # */
K « *
O 2" > #
~C * _j #
a ~ _i »
•i-k « «i #
u u u # Z #
or u.'»— « or *
C C q « u. *
o o # - #
JT—IUJ * UJ *
*-»~o oo oo *
L. •»»» * Or #
O u. **(\j —«rx> * UJ #
«i-j </w a a * »- •
Oh»- U.U-U.U * Z
•~u DC cc •- #
» 5 » » » C 1 #
o a oo oo * a *
u. oo oo * * *CO oo oo * H- •
<•— .©tft «o^ # t/- *
C * f\J(\J (V(M # •- #




» »DX » • » *0 » • #->*
--^.(Nir-r^ ~<<\l<\jr- f- * %r ^ #
t^l^l/»t< f^ O.Q. O h h- * C> —
'
*
u. u »- r- r- u. u. k h- r- # «j a
* coor^f-coot^r- * a ^ *
— • Mi-OO • *u.oo # v — * r*»o
^ oc •> » »oo » » • oo * c * »<#
K • »(\jOO • »<\jOO(\jf\. OO * -4 C
c oo +oooo +oo » oo * a * «r>f—
u.2 --*-^cm • »joo * »<_ooa.a oo oc * c< * — r~ o •>
•-j »v a--oo^«f <fOO-<>c«c^M oo oo u. * »— r- <--*rv.CuO D3C1 • » *4/ ^*^h » »a^^cc oo OO # CC«4 —•r oc *OKhrg«J<J«COO>-OOOU>-UOu.U.'-OC*NO oo * a * o » •>-<»/
—




o # fvcca cr xccecx
< * Q»-o>-oc_i»^or
cra J^aa oo zjo- _j # *vi
H ^*(M^i— Cvi^-fNJ^— CvJCv too^-u-^J"*/' >-cc * *oCviviwwvaauttau. ocjOaa-^ o»—
^
# * «aILKKKht-hKKKKZ <tt "•"•U.3ZU. - CC C * * C
aoooooooooo»— ujo->oc>o*-z*-»^o(' # *v-
OU-U.U.U.U.UU.U. u-u-o aJccocu-XLccxt- **^
138
* # */>
* L'lL * LL
* U)d * u
* * a. * c
* x a>- # • ao
* a »-«i a o»^
* o *x ui u.
« u.trun/> — * <r i
« <iec aC * x u)»-
» _J_J UikU« • 3 Q.O
* <UOCKj * Z O«0
* K - t/lU. # «/) w
* UD >•- » K X
* OZZ<UO > Z U-'UiQC
» <OI^2 # <U'UJ >CUJ
« Z •- tt« « _I>X r>Z</)
* •- «*-z * a.*-~a «/-*-~
» o-oo^a- * wi/ioua^
* r.'—U- « «-a(-tujCJ Z
* O *aK>-u. « 0_j«2C&Oh «i Z O
* <JaJKO«X # o "-IZ a: O •«
* a i^rjh * czii-or"*-* »c •— »-
« »2fta * uj*-c;a-Z oo >- oc
* il<«— H-f>>- * •-, oti-a a c_
* x t/>«— a. * u.©aeir>-rsj<a cj a
* Kiut-zcju> * o ^-(NiujQfo i a.
« IZ«- <_> * Z ll-O I CD<_IOOUJ </>
* 5KU-' >-X < JUiOi o- ZZ V, V>
« a «/-t/)Zu.' « kci rt-vv-c 1/1 a
* acuiH«» * a ts)tfizz~h-cc uj or
» u-^-orx * c z k ujo*-ujz a ©
* <ah •il • # u- «-t/->*-*-2. co»-< C C
* x c^i- ir<rru'k zx c <s
* aul2Ka& * ~ 2jaZua« u.
* CttKCZhZ »- mj<mZ7U'UiU' Uj >
* Cu- —ilv*~ * Uj a<HL *-•——Ju;a > <
* a>-i»-i * «/> ioj o~o <* */>
* Oiflf-amzc * o x «/^
* te-»-caLLio' *
* wcj ua.« #
* aiu «/>z o
* mat-a—i- cr *
* «^> zu. i
* wXLU(/>U c>- *
* aluj^-u. *
* <ucr »--j* * p- ©
* XZ'U-ir * o
rvjrsi # •- Zt-c z # •> o © >- >
—t- » * * t/>u u-iuj —• o>-o>-cc--x cc^ — -« —
<
po «— »</i »-fM vi>uza»-: * x<:oecoeoQ-o~-*o.o «—x o~*<: —. c-*-~*
•^f^cre ao # ©«i c ^-G * xyoaoau-vcz »u->c --^-o •* tr-*c *tr -*
f\j » »<_>^oo«i^ # ^_ji/~> o. jujl 1 * »—»-«p^u;-juj>-r- c~**~^-uj •*-* *>*—-i*—-* ••4-rvj » *
l r^t-a » *f-K * «—c a c «/> * -lOKOhwa +i/wZifDHWx; »<N<Njrnxfom

















U) IS) £C •
a UJ UJ
O a a-j







c UJ a o O
<
_J UJ a • < OfO







UJ a z IS) z u-_jc
IS) ec IS) < O ec o a oK ec a > oo tax OOft/>
Z -• •U-' UJ I/) u-z • H oo
u. K OK -j UJ V- K < < «t tOU-»-
X aZ -j X >- Z IS) u ^ <3 t/"> <*- o K z UJ lAZ Of tax Q-X
o V- C a. UJ K UJO < -J r«*z
a z Qt O K O X Z z a. tax < ao
i/}«i UJ U. Z z "* a. C o Oh- • h- hC^
K X -o O tax o UJ OX tax DUUJ UJ •-x ao»-
Z<- ™" 1/ «t <_> o a K UJ K <X^ c Z <ot x
U-<U-/ii" »—«UJ < ^ Z u-x o. QL*- < tax hO-U
rai>a C»or Csl UJ tax x»- o OkW Of Vi UJ
DOC«< UJ X or UJ a K a Zo o oxCZbr aa X a. ID *-Z* K X OUiLU
o-x li- z a h z> IS >-*-< V < Zk
< ar <\l< e (T • •-< IS) Of Of Of ^—
a
IX CJ X or LL z o «/> UJ <UJO e> ir UUi
u-o X Ul « tax a c: or K-JC <r o UJUih-
c <ao a < ZC O i/iira -J a INIOlO
or u rr u 2 IS *-z o <o u. a »— ir i
ortu ^* a »- > z 0f.< < Q-l- -JZ>
U-tt VKU. <i K tax OC xxx a K «.; cu
ICX a UJU. IS U a t/1 u_ 0<T < UJ K 1
x r •— -J|/> to cr c > 1-U.I u. U) ta-UJCX
=>Z * o Of < UJX _
<
UJ z>u_.







tax -x ta O — —' •- —> — K
^X » » O "^(N O tatai/ „x) «x ta ta CO O CO »0 O >«/• rg C»- » »0«/)-- U-O X a: or-^O fvjO>-0> cc C x*-.^ » >-xci 5 r^ Z or.~* <^x » i/ »
>*«-< 13 < »<oo«» xoorO(rf*io.«irsjO«\jC«^,<Ncroa Z>~-*t^ Ol*»j» • o-ist- -x c r\j
m » z acoir aooiMCOo oa »ujC »o- *ac *o.oh-zz *nhtcc t^ZJC'C *oo m
x »aZiLk. Ou.i^OinJOhOh «/'< | u_ — "-<i I t-r"u.aaCOu.ojjZt-i-'VJii / *
acc<OHKii»«-hO H— it, ii to n (/>««* ««k * «*vio*^«-j ii wu.u.Cu. l ^i^^«*a:^o
>- >
x<cc<cc«a.z:oa ccxcso.<x<.c<x<<x<
ita-ta-r^. —5ta-s^*vr- i< »^»r-i^^\r^i*wt-#v^~ta-^vr^
> >a«x4i<cc<«a<i<««x3wXiL
u'-i u-'r-xciu -'uauruuarai.'"B.L:CC>-ffP< ih-Q.CkChot-h'QKDhaXaB KiKDSHjfaC'Juao ooo^ac -accc^-acu -io-c^ot-Koi-oKax o
.
ft »A«/^_l 1/1 !•>!/>«-« il/lnrTi ,«/1_l_i5 1/:«" _J1T «*_Ji i-JO^rr—io-oOX^VO^JV^U)l/l«itA'_)«/, OCU-.CCCCQ O
140
c o c o c c *
or • a • a • or • or • or • •
JJLL 2U JBUJ JILL JILL JIU UJ
> > > > > > Z
>»- >-•- >*- >»- >*- >•- • o
t~ K KK K K KK ht- KK IS
»-o •~o •—
O
•~C> *-o »-o <L > C
><I ><l >«» >« >< X -J a? or • u
•"-Z •~Z *-z »~Z "-Z —
z
LL LLZ -
K*- »- •- »-*- K*-1 h-*-" «r •- a -C <3O o o O O o > UJ z»- >
<LL 4U< <UJ <u <a> <tuj H K ^-K t—
_J -J —J -J _j -j •—
<
Z ou »-
zee ZCD zee zee zee zer or *«- C ID o
o« o*» o< o«x 0« o«* o o or <
~K «-•- *-K •*»- •-K •-D- •— o z^
»- K K h k K a O^ iSQZ az o-z Q-Z oz oz o z •-Z «3
~o *-C *-"C -C •~o •~o o »-^- 3
a*- a*- Q •— a»— or_»— or»— »- —
•
Lv
ut- OK LxK «-> LJK- OH o >- ~K 7





LU«-< or 3 l-LL or
c_a Ctt ooc OQ ca Cor a a u Z e
o U o u o U LL V- Z c
LL«/> UUOO LL'tO UJtfl LLtO IDw »- KD fc-LU or
-JUJ -JUJ -JUJ -JUJ -JUJ -JLU Z z X a
~c ta-O h-o i-C- *-C «o •-H »-* U K
u u. u U> LL LL I i/
LL. Uj a LL' U 1 LL or u »- >- •—
X-J X-J X-J X-J X-J X-J UJ X « X
K-»— K«- K*- »-*- K ~ K~ O a K 1 1 h
*-U -LL <->LL |->LL >~IL •— LL LL c zo
T 3 3 3 Jt Jt K |M4 u U;«a u
LL LL LL LL U> LL LO X o Z — *—




CQ oo CQ OO CO CO U LL LL' L_C •—
1
<*- <- <-. <»- <t-i <« <1 to or z? ^O* cy <r* O* O* c* u >—<l or
-J«^ _J«/^ _j«a —JtO -Jto -Jt^«
O:O
L_> a a L o
LL
rvj <VJ —4 —4 (M a
a o a o o uk y- »- H- H u —J
c o c C C «— —j 1ft
u. u. LL LL LL > » 1/ -*
a v »t_; t/ •or t/" •or «/ •O 1/ •OC >a -•C <1 ••
r\j a c<n o —ifsj Q fV—4 C o-h a -4—4 aru.1 </ z .—
i
—j — r.
ao c <4 QO o wac a c nco c >joo C moo O 1/ ^c •» • » V -c
»-»- <\J*- OKKM^ o»->-c\j--*- o»-K-rvj^- OH-»-C\l*- 0»-K<NLL ZOCCOU'L-fNJLjU- Or I
c- • • »c«~ 1 / •C •- 1 • c»~ I / •C*-< 1 / *C»- 1 t-H •— LL 4-C i C 4- C Z - . (.




K t- h- »- K u_ -a
C C C C c i- c
<<I^Z.LLLL<<^ZLLLL<r<— D7LLLL«1<— XLLLL<<^Z U_U.<Ki — aZa<.<! JCC<l_C<<lZOiaaKQCxocc<aci:ooaMi.c^QO^G.cxcrt>Naci aor^-CjC»— o: Jt-aact- v
-jt^cr cc o C—>«/>er cro O—Jt^a-cccro C—;i^er ero C-jloqt a* o c_j</ eccr z, _ii/icr-'i/t/>cr-5 _it^v
o
-4 «\JiJ ^>




4> 4>> *t V «*-
141
C c o c o O o
> or • or • or • or • a • a • a •
< JUJ 3UJ JKUJ IU JEU XUI Jtu
-J • o > > > > > > >Q \T) u_ >»- >•- >•— >*- >*- >N- >—
CO Of K KK KK >-K H-K KK KK »-K
— LU 3 ~o —
o
«->o *-o —o —
o
*~<J
o>- o • >«r X >«X >«X ><* X >o
• en LUZ •~Z *-z •~Z ~z »-z -Z —Z
K U-*-1 XO K«~ K»- K*-" K~ »-•- K*- »-«-•HiO UJ— O U O o o O uKK UJ ZK «JU-i <Oj <UI <UJ <UJ <rui <JUJ
ll a Dr
-J mi -J -J -J -J —
I
c o 2" CD zee ZCD ZCD zen zcr ZCD
•h-or UJUJ o< o«» o« o«* o«* o«» o«»
jj» O kx •»« •-K »-»- »-K ~K -I- *-»-
•*/< — UJ K »- K K h- K »-





•z*- u a^- a •— or»-« or— or — or — a —
X«IK ok u>- OK Oh Uh UK <_- Uh
<IU Zt/~. t/ia toa t/ia \r>a. t/>a tna v.a
aror <i l UJ— UJ«— UJ— UJ— UJ— UJ— Ui«-
c a. —4 cor DO ca oa oa CO. ca0>K < U U o u u o o
ttZon u.a tU(A KLUT Uj«^ UJi/0 UJt/> U V-) u.<^a<? ero -JUJ -JUJ -JUJ
-JUU -JUJ -JUJ -iUJ
— «u. «—C ta-o *-o •~o ~o —o — c:
t^ li- UL u. u. u» u. u u
ar or k- T? UJ UJ Uu UJ UJ u. UJ
ujujx <•- I -J X-J X_J X-J XJ X-J 1—1
JJUl a K»- K*- K*- K*- »-•- K •~ »- •-
-J z OS. •-IL *-U- •-U- •-U- »-U- — U- — u.
«TU. c« J» J? Jt jt jT •x 1O— UJ oca UL u. u. u. u. u, U.
X ac <— «l— «>« «— <a— «l— «a —2&h o
o— UaQC Ca CO oa ca oa oa CO
or xu >a <*- <— <•- <^- <~ <^- <—
ai^C <j CX ox ex CX ox OX OX
to -J«^ -Jtr





rvj O ~* ~*
a <m tr tok »- - a k »-
c'• c c i- c c
u. u, u. o u. a
t/> »jr «/> »ot w? »e v u.«_? *^ •or v *j*
a 0(\i a <-4(\j a. cocnj a »rsj a c\j—^ a o—j
o ^vo c mv^o o r^ao o oao -<c rr«^o o >$-</ c
aZNMHfflt- OK»-f\J^« Of-KM>- OKKNt- OKH-fVJ^- OKK <\JfT— OKhNt- OKK
UJlL4ft**/ *C»- I / *C»-< I / »C»- I y ~G*~ \ / »0«- I -f / *0»- I ^ ••O'-
oa^cc^^-a—Ou.cc ^ct —<Ou.oc^ct-^Ou. cc^a —'Ou.aj«^or.-<Ou. a:«*«*a<-'Ou.cc«*ar-*Ou-a:
* x u.
Kor •-• %r. »a
ac C5»- a fsirsi
«o z »rsiO (*\«/io
142
c c C • X
a • Of • Of • 13 LU
-*U. 3BUi JSUJ Of *~*
> > > X >- a
>•- >•- >»- H- < LU
KK K H KK -J H- Jt
•-o —o •~o to a k • LL. >
>< >«3 ><1 tO t/~ <t • C/1 <U. t—
•
•~z »-2T *-z < •- «x H- to O H
H*- >-•- »-•" u. ULUH J LL z uO O o «-* < Of a: to LU •
«JLU <tuj <fUl K mLU X o Don • LL»-
-j —i _J V) aaa. o KLU ^ LL*-
ZCC zee ZCC Of LUK> < < • Lua ec UJ
o« o< o-« •— »-«/>- to oca (C LU
-H- *-h *-»- a to to UJw o LUK
K h H •"-•Z2 *~+ >x a< <i k r;
az az a? LU OLUO t—\\ : O • <u
*-o •-O •~o X LU 1-'-*—1 •Z H • U-Ult- to -J"-"
a — Of— Of •— H Of h- ao *" 0_J c >— *—* ZJX
oh oh- Oh- KO LL«— ^, LULL < to»- LvLU
LOO toa ir.Q H zir l-h X u-> -J tOK to z -J




LU_J a LLLU « OH
o o O H -Jto ca 1 D OLLLJ K
UJcr LUtO UJcO to U 2 UJK • ai LULU X OLLC o •>-
-JUJ _JLU -JLU •-« DV- Otto H- y- X_J UJ <UJO ;j r>a
—O *-c »~o of cc z -J r> KCL 1 a a Of(-
LL LL LL. v; H- 2 a*- < o »~ LU K LL »- cc
a LU LU *—
•
toO< X LU UJ»- _J ZIO t/ c
X_J I-J X_J X ZLU U-U X H--J a UJ»-Z z UjZ
H*~ H — »-•-« K -CJtt IX to u «U »—
i
to «I ^» x<
•— LL ~LL •-LL zo H h to -j2 H LLZ H
-x JT 3 u. U <TU. U LL ~
»
_J a»-r u t^
ll LL a ta- —X LOLL O •—
i
OUL 3 a x •—
1
toto
<.-*• «l»— *4— Oit a •— C _> ^~ i CLU U-LL
a a o u Of a < LUZ o ll aCD OQ CO H- •—fcOLU HO. o *—
•
oa H- >•— u- »— cc
<•- <•-. <t~ * ^<I -J— it *~
•
UJ <ai it LUC
o* O* C¥ to v 3U <X to * to tOCTH to a<r




to »or «/^ »Of t/ LL oQ ---- Q. Mh a «--
C mt^o C rrtao C OQ O
(\J»— 0»-H«\Ji— O^-HfVJ*— OKK fvj





















au. -Jrootor>-»-frioLuZ3--a3fvJir^^)V'i o«^^ ^)«^-a>
hKU. +JZOJ +OOX+CX+ ••—XZLLU-ZLUa +Ca
u»az<*« — ii i^jaiL^* lu^-^Xlu—Hu-*-a cc v»<tn
c c c
~3 aia«i:2lLU.«DSlL|U.«DctZDZD«0CIwO3ZDSZD3«4«<^X32Saa^ac^aa^ao^aa^ac^a —staitao-citaaastaa^aa ci-ot-CHa it a a a

















a a >0L >
C o to-o to*
to COCJ co








V) O ^~ oru CC
*— a o 1 UJ I




K <i COCU CO
CO K K h-
z c O •-•CO to-
to* »— z CC»-* eo








o. a a -JCO _i
«—
•
to- »— OUJ a








coo. O I z
UJ <r »>-C
• • oro jCcP^
UJ z OUJ u-o i i-
> c CJH oror>
• • to* • to* o zaiuu
X a CO < »- o to* »- U-'
a a 3 X o Z"J oox
CD cc
-J CD 3 Ox tr LL UJO a to-UJ (/ihl
<I < z < K »- uj</»- a
to* co OUJ ec i >->c
V; co co wz 3cc O-JU.
to-
I
»* OL to- o»~ a COL
1 •3 HO • < 1 coco
• • o • -13 WhC o auj
a Of a U X z <t zuju'3
>- K 1/1 l- Uj •"-•Z—
J
Of»-»--J
co CO *-» K CO -J ou. 3tOl/">^
z z K to* Z _J*T 3 to* »- »~>
to-
1
to* ** CD to* << xi-r
UJCJX
u zcr
or to- u. e'-
u, u. co a u. oru 3 at er x
to.
i
to* CO < to* <•-> LUCt »-o <
Uj UJ Uj aK k rzo a
a a. o -J a -JO CcolL o»~re
— to- O u to* 0«— K Zco a c
* X or x X co^-uj CCKOT




z OCUO too co
asta xaxao^ao^-oa c*-axaac.oa.or -<aaooc)*-aa xaau. u-< oco*-o cck orcc

























Z Z O K O Z •um « r> a • o i/>









a u.' UJ UJ o
a o z or KO •—1a K O a
a • => K UJ
a «/» o K
•»• • ID a oc z
*a 15 UJ *-
i/>*- Z Z - o
* <i c z a




-Z LU UJ zc HZ
*— K X o»- OOD «/> UJ *"*»- ^»»»
UjC — »-r aV
KUJ o ~+ <u hr
-»K UJ ou< </>o
3-J a a OK ZUJ
«/0 UJ -JUJ •—X
Ull/> a CO u
cru z ujZ UJ
ft o r> Hia-i? —4
z z z XK XI- O X
oz a
~o ~- UJOt—U •OQ- UJ
H"" U < OtKitfth-*- a
Z^K- *- j O l/.O ¥ c
ur a -CM H-««/> -




UJX •x c aCKoroz a
u t/> < <
»- X
OUJ O ( ) t •—» *-< t/>
uiz
a O -* U H~ c
t^u.' _i»- ui OU' ui
'X z>_j ox uj a
ai
X
CIL ftU Z UJ <3
KO
ou o
ujui ^*o 2 tuo^u'Da uj oc
U!X K^ - C *fth-»" o.
OUj
c
O-Z - - <
«j uix * ftOZ «/>
<\i -*<\J • —I —l|~l m* r-t (\J CM f\J • * •»
o a. —
—c c ac c o o u o— cc o
— oh -»Z —» Qr—<M</ »_J~Z —. ct^-Z-- Z—< Z Z-< Z-* Z » JJ _J -.
ro-H(\j u o. >—<-' t-^Q^cu.irti-'-' kj^o. » a. » o-Nfra. » a » cc uu u.—< it*-*
» » »w<t »vj » »!>4cotOte.^^t/) m/; » » v)V)«/>o<r>'/>O^^v,,-"/'O'rii0O^^^>ifjTi^xcgx »<- » •>
ir><\ltf + + ^-^—iu ZOit ^-u "— •--— u ZUhC^i-C •*— 4»—C •—O •'-•vj —ft + ft.—* "-(Mrvj
>>>->- >-> XX >
a<arra«i<a <r^D<3<a«a<3DXKSio«3i02x>-<«ZDKzrK<(oa«iCDOXaD^DDCXaotoxhUKOOOXaj q axanca xao s a.»-o^a" ^au-»-KO»-
u—'ou aro^-Jo-Ju-'erer—i^i^«j.«^—io-JU'erXTer zt^-jcr z arxzc .jt/^er? t/icrx^t/o^
a a js
^. x. u- ZV «/> •-• >
O O ^ <
145
a a • o O v.
> UJ o K 111 to
•" H- UJ U a CO
V) «/) o Uj o LL
=> »M z • CJ LL H a
-J « *1 c c LL VI oO UJ X < -J UJ < UJ a
Z CC o _> X Of u o«j
*—
»
LL z >- LL • X K
o */) — a. v> O K H
cu < < O u. UJ UJ UJ LULJ
» -J 3 UJ v> p 3 «/> a o DUJC LL cc to to o h- Oa
</) LU UJ «/> CO UJ K *—.
(/) UJ to K ar K UJ Ct «/) co </>o
»- I UJ —i CJ Z «/) CJ UJ </) OfZ
»— t- or <3 O UJ »V0 o a: z C«-
or c < »-¥ a < UJ o:
I/O LL a CJ V> zcja a uj •H- QCU.
UJ z D LL <i CO Z i»o« CJ CJCLLCC ~-Z UjC
_J *~ K Uj CZCJCDC LUU-O c
occ to V' LL a ~c < a. C >u LUt//
UJ<J ec K M > c h>-C^ Lucr otk or • -J -J
*-»— LL Z o •— o LJ>-LLH/1— t-LULL _)</-. CCLU
u a K Lb LL K <» 33aiL« -i^-CCl/V— Ot«l«/) »->
ll*-<t V> - a U accLua a <I^Z^UjOZUJ (/)LUj*oo> te- Z UJ UJ »-LU»-OLLI «DUJ><Ott to-J
Uj UJ e: o «o u. > tOX-JO> aU2or>-o»—o o
z</-q ll Uj uc< LL ^« ZUJ<<Uj CLL CU-U.CC clll
>-^o or a _j LL >- — z v iLuec ll«— <I aZ^ <J UJUU. u -• 2Ui z«</) a ecu
^-u-ujor e> 13 U u »-X >U- e>f>«— •-KOCJ CT
I-IK <. KOUj — LL XUJUIMM <x-<o Z Uj LLOZh -j «'T LL uiZTK _j ja'm'ii'or a
zo LL LLJ—»- O. UJ z t-oo. llcl cot •—x am xu
•-UU >u *- a LLit— "CliJiliCh u
a o K < a *. »- LLC h-LL it »- KK'-ttH--J LULU
ec 3 V>2 <i V> UJ >u ru.v, UJK i2 —1—J<_<^<3 x>
a »~LU V) < au.i tOLUO<«-UJUJ o«~











































•xo-^u.«r^ ** o-.wca<*(^ *oaiu.C«0 »u-uOOu^Or3<U(j »o«a;u'to
Zt-*UiU.< rt<X4 ZU>U-<tCOU.UJ
uu-f^CCiLa *a>^ir»-u.^u. i<iLLLLia












> > a > uj > >Q.<l<a«KXuj«KO.Zrh<I«<ZrK<lQ.4X«X<UjrDMXXa<XKX«a <L>-cocHaaKCHi/i05<ao.CL;>-CH^aacuoODChaDyaaacoLjKaaDC^-Dt-











_j K t-C zO oz —a K »0(/)
- at a • UJte* VILLI *- tea J/J
»- Uj cc Q.H 00> • QCK • Uj
UJ Z C •-a uj<t CJ c»-c i/>Ot
at c z i CjUi • a</< z u-t-r IOC
tea O z»- tea • K •-> t t LUC
a: •~'_J UJ CJOl X l//tOK>- O QC«1
• 2" 0£ u. u. < </> <Uj UJ t/XOKO Z •a O
v. •— UJ U, 3 K Cj UjILH Uw tea _J CjUj
«/> > < oa KZ Z CtO>K - U. «>
Ui LL z </> </>o O _>•"• tea OOKte- u tea
at O tea -J c _iU- z u--C OOKQ UJ c U>K
c c Uj k uu tea a a a <«»-Z Of. z >U




UJU< to Cu/> ll •lLU.it- O K KU.
o UJ a -J -JH »UJ ZV) 1uj>>»-a z O uu.
U.U. > c 10 <Oa teaQJ Z>te-tea>_0 tea UJ LLU
>co UJ u. tn »- UJ_lZU a teal>-»->- a u.
*"*
~
_J tea > •-•CJ zo <^U"JKC Of tea LLU'
K
"
• (VJ z cc *•*_: 9* «x CO O -UjU-u-'Z C O UjX
uc ire X < u.00 •a ^ _jU.IL J/)^- z k
UJZ UJ x - UJU 'H to (uu.u.ujy O tea UJ
u.»- Zto z K c; ZliU -JK _:ZU._ja Uj z » lli
U- X <_: te- u. ^uuu- ILU <_>'te. O tea (0 KK-
U-U. X UJ a X or >UJ UJ 00 z X z <
o k"j UJ ae *> -ox tua ICCUJUJ *tea UJ tea U 1
ujz or 3 a t-ujo _JUU O 1 t-KO X tea •*
X~- U <l —J z z UJ cz O 1o«<zc z UJ O
k a < »— a^Ztea »rZ C _J-J^-Z te~ c UJ J
CJ OCT > u. Ou>«— tea t/^ro* 2- UJ<J




X Z a Or z te-J_ *-_J_JLL ~Z z
<U u 0* UJ a «IZU OL z h-* tr CC
—
Jte- *-V> tea mmQUU a<i U uuuu. u. _: ht-
•3 Uj z ._ X <l tea te-X U-tt te- teaUG aa tea to ujsta *u (X <LL)UJa K _rC
—^
•— •~c Ov •— ILLLiO. l/'Q tealU_CL>LLvO a UJ (_/U-
«r_: _ro K Z«i_r>;>> tea O CJO<hte- tea »/> ujio
Oui i/-« ^ te-Xi/xo. z ZUhW<^ _: UJ xr











•• •» te a-l » • —<(J —I -a sCO » »
•
— S H ff ~C—• -3 *0 -att-aZ: —> te«J » »KNOO C
otx o ec -c-omo c o< * cw»-< oc »o vc< c cu'Noco
»-u, ou _5 cvjK ^ c,' *o<NjOacj»-K o o *at-cr:o<iauiL dlu C ctor--o<»-
vicfNiteaZfsju muj •«/' »Z--^- »<ozzoc»-rgr-Zte-<zf\j*ttjO-2>fO_:_ a _.r<,i_.Ktea^_:z2Z4*3 ^a^ozirZu-c 4(*iX(nc3te«ite+ a>~^ate- 1 ru.<3te4»cc C +CliOOu.hMM#*a«»KMio«-i-.^a*o#o<afa.a.**a**«<»o_uau.*iZ<ioz*zc it 11 u_*
*i > >
«t«a-jOa 3i(/>a(ca.<D.zxioicD7^w<r;Dzx<v)_i«<iujr<j<a_zr»-Dxx<_
c^aax aaa»-PLOGJiauOL'C -<K»-_:ora_:a:c»-e o^-^-osca c^aMt a u-a occ at
























































UJUJ Z V) UJ
>i UJ to H-
-"-h h- UJ «I
K Z • o • h-UO C *4 cz to
UJH uj • aQ
u. a > a.»— UJ
u-z tOUJ < *- UJ
ujql UOH
-J ir r-
D UJZ -J • too c
-J»- • tfH to •M wit D
<iuj «/> cc •—
»
zx of
zct m CO o > •—<LL cc
•— UJ < < u. X UJ
u.< a to X -J a «/» K
a U-'h~ o a _JLU —« z
LULL O >z a. Ceo <r- z »-<la J « «—iUJ UL «!-* 3 LL w 1KO« -- -JO a < u UJhaai ujz o u» O a.
U-v.O> UjO z a ZfVJ J a
o o*-* u.o •-H —c <l
ZOC»- u. «/) u. o> z o
wujau UJ*- to >- h«T a Khi "• LU <l < _J c
Zi-aa Cifl o -J-- za z LU
UJOUJU. UJUJ o O-X or on Of
t-z»-u oof a V "~t—
•
CJ o
Z-lUJ z a (-U-: K-O r- UJO 1 UJ < oo- UJ
<->!/> >-X X u. c OftO z UJ
tOCLK uj • !* -h CO a ex
LUUJ I o LUC UJ ^ c
>aaz K< a cou. u K K
<OUJt~ UJ,J «— UJOf o UJ to
toCh COLL * ec a a LL
<V> to a Of
c
-J a< a. * •-* of * of » »—
-^ ec —»*«•»Co-* OCT-* * Cu,D-C—«<-« —*c — •»*>
f^ eg •> >— * fO<u.O <CW *ru.CJ<ri/". » »JXZ
» *«col cororo *oilO o^^o^olu*- u3C au.a>»< u.
fsj(<iro^4i3rsj*/)xxir>u.>>ro.u.c>-c<fNJU.za-u. ^^OJX>-3
h >< (\| N — —
<
CC? CJJ*C CjjX » o">jz zllz zu-'oor-- a
U-O aZQ OZOh »CvO
#Z* •»"i>j r» ir" i f^ 'i^J'f ' ^^ ^^- u u. *»^ *^ i^- ul ^,'A. ^4 i \u. A. ^s- ul » C ^ —^^ ^^ ^^ v '**»' i» 'If '^^%r , *~ v . ^— *f *^- ..« v / —^ r» '•"^ | +Q C>>*'U-*/—<OUJU.«-'a |U.COL«-t-LQC|X »-.4.to-»-t *to-<l.»— »fc-<l*Z++ ^













c O c o c c c o
or • a • or • or • or • a • a • a •
-*U JXUJ JXUJ JXUJ JUV JXUJ JXUJ JXUJ
> > > > > > > >
>•- >•- >- >-- >»- >*- >*- >•-
KK KK KK -H HK -»- Kk K>-
*-o n- ~o •-o •~o t-O —u *-oX X >«n X X ><i ><! X
—Z ~Z -Z —Z »-z -Z •-*z "-Z
K»- K~ H~ t- •- K^- h»- K•"-• h-»-O o O u O O O O
<IL <TUJ <Ui <UJ «tflD <rui <UJ <rui
-J _1 -J -J -J -J -J -J
zco zee ZCD zeo ZeD zee ZCC ZCC
o^ 0«* o< 0< O^ o< o-< o«
«-»K *-H *-H- **»- -*t- *-»- »-»- ^«K
h- ¥- »- t- H- »- t- K
az az O-Z az az az az a z
•-o ~a •~o *-o «-«0 HO ~o -o
a»- a •- an a»— a»- a«-> a«— a^.
u»- UK OK Uh o*- CJK Oh <->-
t/>a cna t/>Q i/>a t/>a toa t/>a una
UJ«— UJ— UJ^- UJi— UJ>— UJ»— Uj>-> u..—
oa oa oa oa ca Oa oa Oa
\j> u u u o U O o
LUtA W<s> UJi/1 UHA UJ«/-> ix.' tr UJ*/* UJts
-JUJ
-JUJ -iUJ -JUJ _JUJ -JUJ _JUJ -IUJ
•-C ~o ~o —>a •~>o -o •-C »-o
u. u. u. u. u. u> U- U.
UJ UJ UJ u_ UJ UJ UJ U'
I -J X_J IJ ZJ I -J I -j I -J X-i
>-^« K~ »-*- K*- K*- H*-1 H*-1 »-•—
•-U- •-U. -U- •— u. •-•u *-U- ^•u. ta-U.
3 jT Jt jt 3 Jt 3 JT
u. u. u. u. IL u. U. u.
«»^- «•— «^« «a>— «*•— «l^- «l»- «i^-
oo ca ca ca oa ca oa ca
<•- «•» «•— •«*- <t«~ <•-. <*- <^-
o* O* C* C* c* c*r O* C5^















•o «/i »a «/»
om a «-c\; a
































»c^ i «*" »o»— i «/" »o«— i ^ •o«— i f*/" *c^- i • »o^< i /" *c •- • '




















7tC Z CD I—
<
o«* C"« ov
•~K ^-K- U_i «
»- H a _j
az a z a •
•~o •-C Ol/o K
a*— a •— <^> •—
•
Ch <->- _)C _J
«/lO u>o ti-
UJ»- UJfc- er >
oa C_or ujC O
u t-> XU z
IU%A Ujtr »-
-JU-I -ILL. z t/>
•-C *-0 Z a fc-
U. u. aO
UJ ID cu C?
I -J X_J u. 4
K»- K~ cnuj _J
*-u. •-U. </-<_j u
j? 3 «eo




OQ CO • a
<•- <« *—C* C * < *



































• 1^2 <1 ZC'
> K*-1 <!(/?




a > Uj vG
</) COO »- UJKK
*»
I a ZU'XZ
c: 0.«3 ft-* X»-U-'Z
Uj C>- ZUj
c KZ a u.;i
-j «/i^- zw*-
o a —> or
ac 3 U.<U-
a :z tTK 1-
< •M K-^^U.l<




















































































» —• »* —* » hOO * • •-
-* cm | —o .-I »a:«/> —< _ •t*-© d oco< —> — -- —'--
zrsj (_)*-.coo rot/-, orv.ar.z z •>«/-.a r-Ou-Z mooxz m— »- <i—. »- «<: —
C •o.rgaco »cr »-z< »o orvj^Jr-r^ooa »Zaa *ir» h-koc Q-ir kkoc a air
ujocti *-<j or ——<ttujc < T—<o >J"Uji_>—<*rcr«-<—*ojj—<ct ilu.:-^ * i/ia^- s. * o^oc*- 2.2. »
2t// 1 u-.u M<o^<Zao u-4.t/i 1 zc. 1 ^aCOaa 4-u.a o Orc1 «~.»-.cGJiL.Or«"i.-i*-.c.c\iUjU om
CZ#">- «-C.O ll*>#C«i»-<H*Z«*CZ«*X<M ll V#«*0.» #«»O^C»-H~Ot/0C:» --KK ~C
<4><<a«xxir«i<iXtf3«x«xx«x<l<cc xof'C<«it^<o.«/>c<<</"0<o> *"O^ aCC C r-C ff CCH-a J-a 5t Ol Cr- a Cr- CjO o>- a c »-oa U -JOr-C -Jr- CJ-JC »-O -JQC K C -J


























UJ c u 7X1
a < DUJ<
-J t/) a.
c u. I/) U.U..C
2. ^ CIO
»»• c^ ^K e:
- a i a
cr O »- z
UJ 2 to i^ca




o z u ZtOf
o o «r •
u UJ X >
a. UJ X Oft'tC
^- U1 H C 1
t- u a




* <•> to >U(/










— » •• —i » »<K<[D C. t/)«j <\J—«^f t- ohO«i —j » •• ~* » » •
•- < «i— h— <roru>xa acnuji M/i o z or ooir- »- <j •*- <r<
kt-a o-Qir »-h c O.K a or j*>* jx »ua>olJ«'"-«i ut"Oa *tr h-i- a Q. *-»-a a.o K
t^a»->cata » t^a^-a.o^ujtjr^O'-'^uj^-^a Jia z~*—*uj-* »«ova>-^i*^a«- »*.<</>
MHCOu.uOnM^CU.'Oa(iU. IlLfCQ I »—^U_Uj U.OCQ CO«—»— C-INJUO^-^-CODU. u c»—










•*- <<-~ »- <«2^ *f- < <3 — •+- <J<— •*- <J<—
•
»f-«i>f\l i£kc aair kkcl aaair< kkc o.air ->-
a
Q.a.ir ¥-¥ a a. air ht-&o-a •—
a »— x at »<£)i/'C£*>h a. at u_ «-«©v/^cr»- at at. »ot/>a»-" xat »<cva"- xi. • </>cc»-aLujh-uj-*





















































































































<MO * «-'0<\| >oo » oooooo o o
«f *oo<t <CO » tr>O00 K OOOOOO o o
»~ r»-o---* hoifn u-f^o-*-« z oooooo o o
<s -«---*—.r- o -4> »ro(M»-*»-^-> ctr^o-* »(^irsjof r»-o* »t^<\juj ooocoo o o
Z —UT *CT^ •NOC-' * * +F\ *tf^—D^O*(M * ••C_T^OC"rc » •</> oooooo o o
_ » »fn »<\j»^-^dec*-f^fri "fNi » •Oi-<.-4cr>oj-jro^^-^^co(E<-ifOuj—<^<<^«-»for' ^- oo~< —*<-*o^>
Of <iroxrsjXOOu_co4. | XifiK(M<a.OOV^+ I COOu-*/.+ | a "GCj; >j»t<\j — »»••» »-m
CCOh«»K <— »- II |II#^«l-wh«.Ht- II |IX**>«*«— |l II J #<f*aHOOOOOOOOOH-t^OO
«l <i
> > > > X X <l< <. «j <u. <i<« <.K «A < <i »- <i
auxa<6.<xx«xx<a<a<aox«ixx3ox«xxD>-n-KKhi-i- k <i-ki-<i-
aM»-c^O^QCOi-a oroococaJCCH-aaa-iQCHaaa««««<ic<i«c<
cca^u^u^J-Jj^ccir .jo-jo—<cc _j-jc^<rtrec jjv>iffflcccocccrcc dcc o
—i a co
ec a C accoc
CD ^« Of Z iJJJJX
— CO U- C LJ C U U. U U. LL,C co u. Lj3ia«x-'>'0<i"Xjic
or O uj ujororof s a x—io—i»—of xujZ
»- a O cececec asa UjXZU-C ecu-»-»—
154
oo OO
« * » » i
oo OO
» » » *
oo oo
• » • »
oo oo
» » * »
oo oo
•k *- •> »
c oo mmoo
o m^ • » » • » *
o * *oo ——oo
o ~*Cg » » * * z>ir\
O-*.—!—
<
ccoo ~*<MOO<\j O Xp*
o * » * < <3 » » CO • »l m4 < *O—•Cvjroo t"KOUI0H«OO » •w^KCO





u.u a a —«J\jCCDCOOOO •
oo
OOOO-^fvjfM^- f\JCsl
•>•>• »D. Q </">l/" a o
OOOOU.U.U u. H t-
oooooooo oc
iC^i>C>0 •* » *• * U.U
<\J<\l(\|CslOOOO » •>
^•^»^«4" »•>•>•> — rvj
oooooooo
^lf •> • •> » •• •> « H-UU^oooooooo^--^^
• • •> » •> « *f^-0-0
•>•>»»»»•
•f^-C.C-OOOOOOOOOu.il »-»»* <\iCsi<\j<\jr\jrvj<\jf\jrvjrvj(\jr\j
< f-v rvj vj <j uj k. ^ «i<r <i «a ^s. r»^ <i< <i u_. <.< <i ex C- <i «i<i «i <.< <i<i <i k «u.o a lull ujujujU.'Uju uu uj
caao Ooaftccroao ocoor COOccu OCorocDOC<co orcraaaoaoro a a o
c
a. -*rvJi <. a. iiuuaaaa **
CtC COOCU ^<M * 0»--*<Ni-*<vJ-*fVJfM*-< o-?x «i
»- ftO*- »-»-2»UJ «XD3<2JU.^KKKKhKKCt-K»-'- <\jrr«*f\jfn CJ
•- <UZ 27JD> ILU »<OorUOCaooOOOOODQ0033<KXXxx —rvjpnc


























m.*** OOCO • •"







r\j(N »<\i»-n$-«* * * OO * *
m, » ^ »ooo»r«r •> » cror
fsi(M ^^5 +o * • » mr^rOfAf^roporor^r^f*>r^ irir
» » + * h^>4*4^CC »•.»»»»»»»»•• r>-r>- COrnror^ro
<oo -Mrj org I *}*cotot<\im*-LO>or-<\j<r^»r>«oh oo -* o« » * » *
— f\i oo <dcooiiocodoccococo --o-*-*of » iacoocCC ^^ c<otrvj(\i«/-:t/,«i«^«i<«««««<« | <\i>c H-c —^^aa «k.«j <u
oo OO ttO<«\j<\j-*c\ioooooocoeD<rercocr-* »ooc>»"«i •>*•< • * *ujuiaocccr a?
qlo aa ^a •"-<-! .-ic ccdaDcr'aoccecaecccccereD »— «t ciC2 —t * f*f\ir'N.Q-0 erccxr oc
-NM<<>C>0<<<X»<lCOO# V*t/">l/.«/>CO«/r l/1tn»/lV)t/></i-H | OOJHU.IC4XXX* #ir«/)t/,</
*
< u.
t/,»/> t/"-«/itL «1K- LLi LLi <1<1<1 »SJ LL.
COujUjUjUJ*/" t^> LU LU LU LU *vi LL< *— «. LLj LU'vJLULU LLi Uj U-KJLUU' LLI LU LU *- K K O. LLi LU LL) 111 LU ill LL. LU LU t*J LLi LLI LU
Lutt of k-nj UJLU*v^.oi or Clkj^O fvi ev,0.f»«iPsjKj»si^'Ov **'*< f*.'^^-'^4< sik ^rv,fv.'^^fviK.o»rvir«jf^
or a a o ol a o cc oq aaoaa aoooocrc a o o q o a o o a cooMO —i<\iv> O O K CZKa v> doc </>«/. or oc <« C <
^>C_< ^fMC2 CC«i </C O <l < 2fO-«/"* C «1 1
zaai/ oo« ««c oa a x x c_/»-». a. a. aouc ooo ooor. a«i «i «/> «/5 uca of or o
otluluq: a of a afor< -a— I —
•
<m «/>or.uu u< lu u
<k k <i <kl<3. <<.«— cc v c o 2"«a a 0.0.
156
— » o«-« »
o • —* o»rcg
*"0 •-* •-•0<VJ
m<* o 0>ON




»<-i O •» »(M
iTi'-O » » ITiOO
oo«rr ».* o»»- »
>G »<lONN ^>o«/
<NOlf*f^ <Nf**> rsioo
l/-\ PO f\J .-« -* (\l mr*-o
Oir*rvj(NJ'-<o fM^'J-
4 Of*- •N't* 004
-*N*-*00** *-4-in
ooopsi^jir oor-
>o *©-*© •> *o







—•-4 >* OCSJO «-TvJU"iO
0<MO>tf^r«*i OOOIf*
•fO K)MO » » »o
^-©ITN •© » OtfN^- »

















» •— f\J Z OO




» » hi- it, a. OO
-* (V>C COt/)f-*u. oc
1 rr •4- •» » »i OO
»•* »oir«f\jf\joDa ooooo
-* *<\i . » » 3 » » »~*r-
©m«4 Oir ooir^<CM
pm 0<-i>*0>4 «4 O—««-»»m
^ f\jf\j**mO sOfvjO-*©
(M <MO fVJO^ IT> CM >4 —* «M
o-noo-j^r irr*- <nj
o^ooithitoooo
»o * »ooo • * * •
r^prr^roir *<*no * » •O0»fr<£i
mr^r^rof^f^c^fnr^pnfor^ropn •• » •© »c rv «4O f"- r\j tf >t <VJ •-•»»»•••»»»»••»»
•<->0«-<.*c\j«-*m.4-»4, irirvju*»>©r<im




clct ctcr cLcccr ccctja: a a_a cr a ccaja: — vCN— u u r*-<\ir\ir\j.4 K •
V)v v.mu)v;(/',^ir(/viv W«Ai/)t/)(/'i/1OOOOOOOOOOOi/)OM(M I -i^^JOOhZOOOOCO
<
U.- < < <i <.«. K<aX<12Xh«^K«,<i
UJLUUJIDKi'UJUJUJUJUjU. U UjU-U-iUjUJLLH K K KhlOl/)<h <al-U.U.a<C>-K<KH-
N. KiiMPs'Q *>-f»«j^.^j^rvi ^r's,*>-r»jrvjrsJ KJ<i <j « <<U.U.C<HJ<JJDC <^c«<
aoco q d o a o o a a G o o a a c c C ceo a Cuii-Couu- OO ccO - H->- SO vic.v< a h-(e ^
< <. z o u.. u z o o z
a — r\i fi i/- c/j t^ i"taOJu«n/:l/ u»<kv <« ,/ a
id er er cd il< w ui ^-oj«—_ill>u-io x*-«— j:xvz—j_j<u
157
:#*» * «#*# * «# » «
* * *
* v>uj * —
.
• *
* •-»- * K # «
< * UJ * *
HOC ft »/> « «»</>* UJ ft ft
* — • or
» jx * « *
* < * t/> * •
* UJ? * U> ft «
ft > ft a < * «
* ~UJ « -»iu
.j « «
ft l-I ft «Oh U. ft ft
* t_»- » Z ft ft
ft <l ft C«- -J * « *
* z # <c -j * *
« uj«i ft _ja « ft
« XI * U- «- ft ft ft
* k-k * ~> *
* * < C ft ft ft
ft U-t/) ft 0_j < ft ft ft
ft Lvi ft <a _j ft ft ft
* Uj ft -Ju: u- * ft *
ft o_j ft u.*- * ft «
» Z * O CM * « *
* UJ> — ft ft ft
ft -J » */> >- ft ft
ft wt- » >-•- <I ft ft
» XX «X -I CM
* »-tr * _i-- a. a *
* t-fta u> <
ft Z-J t/1X •« * k #
ft UJ(/) * ^-LU O IS) *
* CM X * DC » C
* X 3h- Z H * ft Z
ft V, < ft K«~ Uj ft ft f-
* < > * UJ to *0# h-
* -J <X * 00 # Z » «/>
* U_ -J«/> ft * O ft •-
ft Q-a * ft ft -J
* t/>a # * »
* ~U- * ft ft <
* o cu< * • •*«»-
* z or * * or, * <
* <i uj # * -a * o




* —i i/)jK # •> « »o *-c\i *—* * * —J —
'
* x ko * —m cmokoc cmi—I * # a
* ir. a_j # OC COOS c*s>C*s> * # </-> *•
* < <-J * vC — —hO-K-^ —<,—<! « ftO O _
* —i »-< r-x*- xmuo^xjxj * #r-or-o c cm
— u. srt * o> + >oca — + >ll>u. * *<c~*mv—• »
I —m _.— <\j * yj * © i/^Ol/i Uj*0<*V>»Ui#0— ft ftOOOO o
ft CXO * ft *
* UJ *
* II * ft
* <S\J *
<i«k.v K/t » <^. * u_kt uj </> a «a«. * ft (/> U) 2
KKKuJULit^C* —lUJ #iMaX3NXaDhK3X(jXuhKO* ft«/>Uj«/"<iL u.
<<<aoru<zt u-ac ta^iaax^xc)V)azaza«zt *u.a:u-.a * jk
ccc aui* # u-Xcr xu.aiau.tfXcDX(ECOuj* * or at * o
—cm « #^rM * * a. a
— OOU * *I I —CM * -^^CMCSJ —
*/> zzu. # *v> v. oo toooo * a
ZJ u a o LL- * <. <i — * u.u.iLU. * <i
ZUJ>«/j«/)Z * »_j _j xx * +ZZZLZ * >-
mZmmmQ; * # U. U. >> *****+*m4 # «/1XCU-OCU *ftft#ft«#*^ * «/n</> ••**••• V^««^ft*#^-
158
o o o o
» » » •
O «C r\j or
lT\i—i O"-^ «£'«—• •*—<
—i so + er —i <£+oc —i ir + oc — ir
+
+ ^-^ » 4 — V- » 4. — v- » 4 _j**-
«* •« © <* * *o ** » »o <*- »
» o-« * » o— * * o-- •• * o--
<nj •csirvj (\! »r\)rsj f\i »fvj<\j rsi »<m
» or •* »<\i » ol • » MNi •> ao** O •" a ••
ocd o^o-cDOOtt'OOwaocooaco^ffecooeDCOHeDOOocoo^cooaooH^ooa o
(M^- or •*
00 + en-* O -«
r^*tco —
i
r- + cc ^-c 0* oc
*4 » • «--<* » ^^-
•** * • »o V> * *©
» »f\j CM MVJfVJ r\j *<\jc\j
a.— » •> 00 » » •» QL •> »
<ic_s.a: «/-vx<c.2z i/iwi«igxi u)i^z<cxz vikczi i/'Xcxi
KctU. U.l/)IDUJU.K CtU.U.^lLiUJU.^-CCtL.U.^UJlliU.H-QCU.lLVUJU.KCtlLU. V'tUU. H CC IL UJ
CuulO UCL'OJtt UCUUlff UCUUJO. OCUUSO LDUUli
-Hfvi rr>«$ ir»i> r- a
r"if~ r^f~\ rr ^» ^>.
CXZ VX C Z ^J< CI5 V l Z CXZ l^Z<CZZ '3<tCZ2 V.l<r_J
Q IX V> IX. LL H- CC IX
o cc i_o
oc do cc c o c:
<i<, «i«j «)«! <a o. <]00 00 ca c o c_
ccod eccc occc cc co cc
%rnr> «/jv> tot/* to %r> to
159
»* O iC rvj or .$
r»-«-* cs-* ooi-< »*••-* &—* ir>—
*
00 -^ st*CD -* ^ CC -* (**l+CC -h f<1 OC —< (NI + CC p4 (\| + <T —
» + —««* •> 4- — ** » 4 — <* + + — «* • * — *» •> + —*•*• • 4
o *» * *o «* •» *o «* » *o v •> »o «f » »o «^ • *o *
• » o— * • O— * * O-m •> * O-t - * ©-* • o^ » •
<\j co •rsifvj eg »cv»«\j eg m\jn eg •*\jrvj <m *cg<\j <\i *cgrg cm
•Ov *CD*»ON »00*> * ^ •» CD • • f\J * OD » * f\lO • OP • •*© * or • »o •
O-*—ooodOO— —iOOa OOej>c>-*OOec©O(\j<c^OOC&OO<\i<C^<\JOO0DOO<\jOOccOOcgO
</) V) in
t/) \r\ ujv; uj*'"- U->»"
X ilJ'<CII UiKCZZ aiuZ<CZZ aaiZ<CZZ au~ S<CZ2 I«iCU z
U. VQCU.HttU-U.^CtU.H-OCU.U.*^ Of U. K tf IL U. "> Ct U. - Ct U. U. *S> a^°U-HtfU-U-«^U-^" ttlLU. ""U-
^oOycooi c--occuZaNmuOuoZa'«>rioCouZo"Oh tt^cooxaoouos'o'o
O C CO OO CO4 4 <<I. <<, <[<.O O CO OO OO
cc od <rtr cccc cca





CM 00 »H —i + OC —4 -^ -f OC <—
I
» » o o c
oc ** « •> »
f^-* fC\r~* o-* >o— CM"-
o + oc 1—
(
o + oc •-* a *ce <—
•
•4" + CC »* O + oc -*
m**P » —H* » 4- a*4 * + CT«* •• 4. o «* •>
»o «* • »o 4A • »o *> » »o «*• •> »-o «*
•CMCM CM »CMCM CM »CMCM CM *CMCM CM *CM«M CM **MCM CM *CMCM CM *CMCM CM
oc * *"0 • cc » •>© • oc » *o * oc •> *0 •> of' * »© » od » »o * od •> *»c » or » »o »
oodoocmooodoocmooodoocmoootoocmooocoocmooocoocmOooooocmooocoocmo
<crx i<gij :<cu x<czz i<icii 3.<c*s kci: i«cii sk cc u. ll*ail h- a: u. u. f>u.- a. u. u. </"<u.»- cc a. u. «^u. k a. u. u. f>u_-a u. u. vil k a u. u. *^u.- ex u. a. v- u.
CuuScucuoiaucouJ accooiorccuuiffocuoJ aocuuJft ucutJ a o
161
ooooc »c
PsJfVJ f\i f\J f\l CM f\i <\j <\J • » * ••— »
C O *r* •»c,m »r* »r*>f*> «<n »mr«*' •<•»"> "f^po •> O >*> »© sO -OO »f
i
* » f\j *»* • *t\j +f*\ » *f\j mir •> »im *f- » »r\j » OOOO *C
oc«-< st-* •" cm-* mc\j^)<\jrvjmr\j^)f>j(\jrO(\i>c<\j<\)<^fvj<!fviPMm or-* » » » *0
it+cd «« •*«: a. cm + >4- •fcioroi^ »momco »momi*\ •momm »i-t f- •^'<\j»0O'4-r* r\j
CD<* CT«* 3 -4-«* »f\i •• » * »f\j » » •> »<nj •.»••. *rg » • »f\J + en* »<,*co>co<>
o~* » » 0~* » * Orv » »r<"irorOfO •rop^p^r^ »pr>r^cnrr •mdroro * » Opnj * » » » »f- »
•<\jfNj f\i *<vir\j rvj »<vjrNjo » » »<«g » » » .$ • » » *<© * • » »o<nj »rsjf\j^4m<—<p^^>^<





ooo »oooo »coco »o O <-" —* ~* -*c
» » •»-* » » » «—i » » »-h » o •—rf —* *C «* i—• —> —• *o *o * •
t^-'-itnt^r^t-*-«mr^(*>r-»^ir\r^m — »o »o «oo » *© »o •© »oo •© »coh
««r^o>o<f«r«co <o^'C^OvfH «oooo »o »co o *o »© •© »coooc>c+ cOOO »0000 »0000 »OC O »>O0nOOOOcr < COOOOOOOfvOCryDaff-i •--
» »0 * • * »0 » • * *-0 *«-i oom^or >f or «r —< r<"> —« a >c>cn»oa »£ or sTt-rffi—<c">—* »cf cm +
*GO<*T^rvOO*tt*-rvOO'fT*-rvcic**cco - »-*rn-*m * *+-*—<ri"i-*ro-jfr\-*cn «»•>» »o<i—
•
CO**6
<C<T^)0'£^'0^0'C^>0<COOC nmOO » •> »oo* »»»»»•» »ooooo «4- + h- »
ooo »oooo »cooo *o »o » • »oooo •> * »ooooooooo •>»•> »iri/"«*- --<-"
» » »f- * •« •<-- » *f» *,—« »O0O0 » »<NJ<\IU »»»»»»» *tfUlTU IT\<N » » *<\1
in^m^~«iip-*mo.-«ii^-*m»o.-««-i~* •»irif»epcroor^r^»-^ir.ir«Mr>irMr>inf\a-'oooorsj^3(\)r\j o »












oc f* ^•cc pal so
-f cc
»
— *• » —I* »
o <ff » «o ** » «o
o o o o
•> » • »
O O f\j or
— o + ec — >o*oc -< tr + oc <-rf it + cc
*> • »o «ff » »o *•* » »o «^ » »o
» • a. » » •> ac » • * cc *f\j • co •» •rvi •> ac » » c •» a * * o
Or^o a oooDOOmaocoooDOOnaocooa oo^cc00000o^ocoocooo--—<ooccoo—•--
V)
X W)I<cil Wl^KOJi V)WI<CIX l/iZ«CXZ UKCX2 ViI<iC2X U_
Ju-a a i^Ui-* Lb or a i<L.iiiLoai<LJiiuai<(. JJnoi<iL JiiiQiflCJia
Xo ucuoio cCuosa ucuuXa ocuora ucucicr ucuexo-c
—if\. r*>«j- ir«ti r** a1 cr -*
oc 00 CO o o c c
<K 4< ^«j <. <t «i <i
CCCL CwCC COCO CO CO CD ac
COOC CDCC CCOD CO CO CO CO
tr>u> ^r%/> </>v 1/) . t/> v> tfi
¥>*• *4ft *o*^ 4ff






—1 n* + ec p4 >* «
— V- » — •* *
«c (N cc *» o
a ~* »t—* cr -j v ~* *->-*
— m + cc —< r* or. <-* <m + a. •-• cm + <r — rg + cc
4- — v •> — * + —<*- • + — <*~ - ¥ —<f »
* • »o «*• * *o *- » *o v •• »o * * »o «* » »o «* •> »o
» c— * •• o— * » o-* •» * c— * •• o-* • » c — » » c—< *
•a_»»o»cc»» f\j » co * f\j » CD » •* fsj » cc » »»o * cc * *0 * a. »CO a OO-*-*OO0DC OfVi^-<OOooOCr\j»c-^OOODOOf\j«c--OOOCOOPsiCOcrOOrsjOOor OO
UCIi U.S«lG2i U.LKCII U.U.KCII LLUS-QC53 I^LII 1«CJJ
-»<c-*.*u. jk-ujs^ll jk<i_:s-*u.. -*«jl::x-*u. j»<k_.*-«u. .*<<_ .* -*u j<l .»-*
1—1 «—l~J H^ —rf^l
C OO DC OO
a a. cc cccc glcl
ec cccc cccc cccc
I/ 1 </5«/: «/5V) </)V)
165
o o o o
* » • * o o o o










— — + oc — —i + cc w* o 4> oc -- o+cc <-i fT+oc — >j- + cc —
•
o + cc — tr> + oc
4- —> ** * —<«* •> —I*** •> — *• * + o * » + o* * * a* * co*- »
*f* •> «-o «*• » »o v » •o *p » »o *^ • *o ^ •» *o ^ * *>o * * »o
•> o— * • o-* * • o-< •« * ©-* » • o** + - o-* » * o— * •• o-<
eg »<Nfsj eg «cgcg ro *<\jcg cm »rgcg eg •egrvi eg •Csirj <\i »cgcg eg »egeg
O » or •> *o * oc » *o * od •• *o * oo * »0 • oc • © * cc• •» ••o * cc •» «»o * cl • •»
egooccOOegOOcooOegCOoroOrvjOOccooegOOccoOegOOCooOegOOODOOegOoa OO
I<iDIJ I<CII 2<CX2 X<CX2 2<CI2 KCII 1<iCZX KCH
U1u.H-tfU.U.*^U.HaU.U.»^U->-C£li.U.^U.K0CUlL^U.^C<U.U-*^U.^CtlI.U.«^'U.>-'0CLLlL*^U.H(X U. U.




rvjfsi (\i(\j rv. r\j rgrvj <\i »» •—< » •• • —
• » <\j »~* »-<\j *r**i •• »<\| •*/> » »"f\j »T- * *r\l » OOOO *OOCO »
>t-* <\j—• r<^f\J^)<\j«\jfr><\j^)fMf\j<^<\J»o<\j(\jfO(\j^><\.'fvjrr co-« * * • »0 » * • »C
-h —< a -* <\i *- -4- »roo<nfn »wO(«M^ *fflOm(n »f00mm •-i f- >* <nj oo *j- r* rvi >r
o
>j r-
a, «* * + •#*+ »<\j » » • »fSJ » * * »<\j » * •" "TsJ » * » »<\j +• m «* »>of«c^o*^.< *oo
*• »o *» » »Of^Porjrs)(Njro«\j<\iPvjPvirrfsjrofsj<\)foe\j(\j<\j(Njro«*» » »ooooo »oooo -
• O-* * * Orvj » •theorem »<<^romrr *f>m c*im •foromco • •> OfM »•»•* »» •**-



















^t O fM so ~c «tO <\i >C O *t <r
oooc »cooo *o o — ~* — —to u
» •• » »«* » • »-* » O *•** i—i »o —t <-< •« -* »o *o * c
m^-amf-m^^mr-fi ^ *o *o *oo » *o »o *o *oo »o »oo^
«0^«C^O<C*<f<00«OM »ooo© •© »oo o *o »c •© »ooooo** Z'OOOO *COOO »O0 O K)irOOOO(P«0 OOOOOOOOcn^O .CC <«N —
•
o
• • • »0 » » »0 •*- OOr^*-«cc»ccr»c^fr\.* a v£ cr *o a vO cr v£ —*m —"•* —« »a » *o •—
(NnoOsj-t^ M^O^r^Na^oD'* » »^^fr»»-iro * »+ .^.^r«"»#*m»-*m^m • » .•> * •©< ««<o » H-
<c<i>c^oo'Oi"00'Oo ^moo » * • »oo* »»»»»»•.» »cocoo »*-ir>~< »rn ^ oOOOO »0000 »0 »0 • » » »0000 •> » »000000000 •»•«•» »m»/>~* »«o » _> o
» •» » »^"- » » » »^- »v-4 »0000 • • * »MM(f »»»»»»»». »tf U > U" U > IT 1 (N •> —* •TO </' *
-4\r\~*tr\'Cm+\f\w*i*\om*~4i-i *mirtcD<r>oor»r- <-<^mir»ir>if»mmirirtaxroo r\j*o rsioc *<© » z f~-
<J<it^ yCG-COt- OG>C> » »OOCa OOfOfO^vC * •O0f\Jf\)^>J-'C>C^f-»^-^-%0<-" » **N »<\J <l U"




«««<<i«<u.u.otaaaaaci(iacu.ii.aacta'Q aaaaaaaaOaaaoa oIIIIIIIIIIIiJCODOOCJOOOOJJODOOOODOOCOOOuJODOO »- t_>


































or 11.' * Z
UJ o e> O
K ^ z uj ^«
Z a UJZ X CD fr-
^*
o
ir 10 •<_> iz-
U;
IA <\j >co ~"
C —
i










-<(N^^-lf «fh OOOOOOOO to OrfOOOOOr-OOOOOOOOONNMMMN^OOOOC





















z z o 3 COCLU
a O K X a^
~ o-J 3 a<o







-J us -J X ~<
»- o UJ <J LL Q? 3 zer
UJ LL' o a«/> 3 >
X C < CO 3
o -J Q •— * O
<l • z ec X *--i »»
OCK- Of Of *v o
CC.J "^ <i I ^ > LU
• 1 7 o*» a
-1
-
I <4 to •
U.ILCC
or a 3 *











aaaoaaa a a:CDCCCC >•
a aau.ua • *uj
-J-J*:
_J-J_I_J_._J<J«1 «I





• •—• »—< •—i »—• t^ (/</'CCCCCC. i-i*-»~
c?c~c
to CO I/Ococo to
tO CO C .C . IT CO U- LL LL
U. LULULLUiU _J_J_J





roh- r*Mr»«-<-Hi-4i-i—<-^<\)(\j«m(N(»j tfifnf^o^-u' rsjrgcgfsicsjmroromcritf^ r^f^< u_ rommmmmrorncoOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOrg ooooooooo
X I 5 > 2 iCCCOCOCOOOCOOOOODOOOClOOCOOOOOCOOOCOa ox ox ox ex cCCOCDODOOOOOOCOCOODCDODOOOCOOQCOCCCtJ * Lul_ LuOUjOuOU.
cccrccccorcccocorcccccccccccDcorcrca * u. u. u. ll
* z z »- z >
• UJ »- C LU LU
* a. a. a o. x
* X X X CC CC
o • c o o z zO LU LU LL LU LU
































<\j f^ r* -4" ^- ^
fSJfVJfNi(M<NJ* a
uoooo*oo<






ui u_ u. * U-
Z _J tccc














Naval Ship Systems Command
Code 2052
Department of the Navy 1
Washington, D. C. 20360
Prof. Mitchell Cotton 3
Department of Electrical Engineering
Naval Postgraduate School
Monterey, California 93940
Lt. Andrew T. Dietzler 2
306 St. Nicholas
Midland, Michigan 48640
Mr. Robert L. Limes









DOCUMENT CONTROL DATA -R&D
(Security clautllcation of title, body of abstract and indexing annotation mix) be entered when the overall report It da filled)
i originating activity (Corporate author)
Naval Postgraduate School
Monterey, California 93940




TIME SHARING TASK CONTROL FOR A HYBRID COMPUTER SIMULATION LABORATORY
4 descriptive notes (Type ol report and,lnclualve data a)
Master's Thesis (April 1967)




7a. TOTAL NO. OF PAGES
172
7b. NO. OF REFS
12
la CONTRACT OR GRANT NO.
6. PROJEC T NO.
••. ORIGINATOR'S REPORT NUMBER!*)
9b. OTHER REPORT NO(S) (Any other numbera that may be aaelfried
thle report)
10 DISTRI BUTION ST ATEMEN T
Distribution of this Document is unlimited.





The study of time sharing system parameters and design is undertaken.
On-line and hybrid simulation programmer's demands for interactive
digital computing time are time inefficient for modern high speed
computers, hence the motivation for time shared computing systems.
The techniques for achieving time sharing are studied, then applied
to the problems of a real time, on-line hybrid simulation and batch
processing system. Subroutines required for implementation of a
task oriented time sharing capability are put forward with specific
proposals for use. System improvements to accomplish the goals of a
general time sharing system are introduced and discussed.



















1 Syracuse, N. Y.
- Stockton, Colif.
SSanng task control for a hybrid c
3 2768 000 98515 4
DUDLEY KNOX LIBRARY
